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I h< iiUi' I 1 iiit nil -- 1 \ iiio!) 1)\ 1 Hfl( I! iiul Orr ’ in 1923 tiiat 
nlt'-iruciin,! nj ih( ( -"j !, nr ni tlu cTnlnc cikI ni tlic ‘=toinach in 
llu fin^i is I ]1 ,i!\ I It ‘i it 1 - Iklu cniitirnitd 1)\ W niiLtoistcLn and Chunn - 
'^ni.h uiini iK nu in imni dnro-'-iN tf> ‘-tvciUv -tun hours it untreated 
In >u\\ oi tlu It sinniiitaiKc ot the-e ol)'-Lr\ations lurtlicr stud\ 
In'- Mtnud vnrih whik in an attempt to procure more data regarding 
till aiinorm d ph 'Uilo^n cnnctrned in tlic lethal outcome 

"It Tiions 

\I1 r-iitritui'is \vf( I’trinrnud under ether anesthesia alter tlie prehminarj 
adni nistratuiii fti -.r'lni (hOiti Ctin ) e>i morphine sulphate hapodermicalK The 
morphine cuiscd tincsis -ind jnireinsx Samples ot blood were drawn before opera- 
tion Titd at stibsetincnt iiitcr\als and determinations of the blood chlorides, tlie 
c-irlxan dioside coniinnine iiov er oi the plasma the blood urea nitrogen and, in 
some cases of tlie blood siuar were earned out The animals were not gnen ana 
lood or water except as indicated in the accompanaing tables In certain experi- 
inents the reel il temperature was taken before operation and dailj thereaHer 
MI dogs were kept in cages, and the amount of urine and feces obseraed The 
excreta were scanta howcacr and after careful measurement and analasis in a few 
cases further collection was abandoned as the data obtained were not significant 
V series of animals were wembed before operation and after death, and the loss 
of weigiit was noted Postmortem examinations aaere performed, and all animals 
discarded from the senes in winch an olnious cause of death other than esophageal 
obstruction such as empsema pneumonia or mediastinitis, was dernonstra e 
In order to make the operations similar in as manj cases as possible the fo ow- 
ing procedure was used in most instances An ordmarj woo en spoo was w i e 
into an hour-glass shape, and the hole through the middle enlarged to permit the 
insertion of a thin-w ailed, nickel tube about 1 cm m diameter, axhich projecte 
for a distance of about 1 inch from the lower end of the spool In order to 


* Submitted for publication, Sept 3, 1929 

■^From the Laborator> of Experimental Surgerj, Department ot Surgera, 

Unnersit> of Cincinnati College of ^Medicine 

1 Haden, R L, and Orr, T G J Exper ^iled 38 4//, 19-3 

2 Wangensteen, O H, and Chunn, S S Studies in Intestinal Obstruction, 

^rch Surg 16 1242 (June) 1928 
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produce obstruction, the hole m the spool was plugged with wood, and for the 
production of esophageal fistula a soft-walled rubber tube of large caliber was 
attached to the nickel tube projecting from the spool, and was brought out through 
a tangential gastrostomy opening In other cases the spool with the short nickel 
tube inserted was ligated in the esophagus, permitting the passage of saliva into 
the stomach, the animals, however, having been subjected to operations of prac- 
tically the same magnitude as m the cases of obstruction and fistula 

ErFECTS OF SIMPLE ESOPHAGEAL OBSTRUCTION 

In SIX animals the esophagus was completely obstructed five times 
in the cervical region and once just above the diaphragm The animals 
invariably died The average duration of life was fifty-three hours, the 
extremes being forty-eight and seventy-two hours Table 1 shows the 
data obtained from this series 

The changes noted in the blood were a fall in blood chlorides, a 
slight decrease m the alkali reserve and a considerable rise in the blood 
urea The weight lost by such animals averaged 9 per cent 

Table 1 — Effects of Esophageal Obsh action fSn Animals) 



Average 

Lowest 

Highest 

Duration ol li£c 

53 hours 

48 hours 

72 hours 

Blood chlondes before operation 

457 

303 

020 

Blood chlorides ]ust before death 

351 

211 

COO 

Carbon dioxide combining power beiore operation 

39 

30 

47 

Carbon dioxide combining power :ust before death 

80 

24 

40 

Urea nitrogen before operation 

9 

83 

14 

Urea nitrogen just before death 

Loss of weight 

021 

9% 

11 1 

130 


EFFECTS OF ESOPHAGEAL FISTULA 

While Pavlov ® and others ^ have reported that animals with esopha- 
geal fistulas can be kept alive if a previous gastrostomy is performed for 
feeding purposes, Jackson ° m 1923 called attention to the fact that 
patients fed through gastrostomy do much better if their saliva is 
admixed with the food This fact is now widely acknowledged by 
clinicians 

For the purpose of comparison with the eftects of esophageal 
obstruction and in order to note the results of esophageal fistula without 
food or fluids, fistulas were established in seven animals In three, the 
fistula was made m the neck by dividing the esophagus, inverting the 
lower end and bringing out the upper end thiough a stab wound to the 
left of the midline incision In four, the procedure alieady described, 

3 Pavlov, J P Handbuch der ph>siologischen lilethodik, 1908, vol 2, part 2 

4 P'i\lo\, J P, and Schumowa-Simonowskaja Arch f Anat u Physio!, 

1895 

5 Jackson, Che\alier Arch Pcdiat 40 324, 1923 
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I c liu'itiuii <'i 1 IidIIuw ^pool with a tube attached in the thoracic 
(. 'opinin'- hinuMiiir the tube out through a t,nstrostom\ opening was 
cinp!o\ccl In tht^c cxpcninLiits also the animals in\ariabh died The 
tl'icet-- fit c'-oplnccal fistuh arc ^hown in table 2 

1 lie utiige duntinn ot hte was somewhat longer than m the 
anim ih with ob^truetion, being '-e\ent\ -three hours One dog died m 
thiit\-'-i\ houi'- while one h\cd ninet\-six hours, and one 1-14 hours 
1 he blood chlorides w ere not so strikingh decreased as in the animals 
with esophageal obstruction falling below normal limits m onh one 
animal The alkali resene ot the blood, howeier, was more protoundh 
alTected, an a\erage lall ot 10 per cent b\ \olume in the plasma carbon 
dioxide cajxacit\ (25 per cent of the aaerage preoperatne \alue) being 
noted The blood urea rose abo\e nonnal limits in onh one animal of the 



4, esophageal obstruction Solid spool ligated m the thoracic esophagus 
B, hollow spool ligated in the thoracic esophagus C, esophageal fistula Tube 
aUached to hollow spool brought out through gastrostom\ 


Table 2 — Effects of Esophageal Fistula (Sczeii Animals) 


miration of life 

Blood chlorides before operation 

Blood chlondes just beiore death 

Carbon dioxide combining power before operation 

Carbon dioxide combining power just before death 

Urea nitrogen befort operation 

Urea nitrogen just before death 

Rectal temperature before operation 

Highest temperature after operation 

Loss of weight 


Average 

Lowest 

Hlgh«=*i:t 

73 hours 

3j hours 

144 hours 

5S0 

429 

670 

520 

321 

625 

40 

20 

4b 

30 

IS 

40 

115 

9^ 

20 

19 5 

90 

42 7 


OS 

we 

101 2 

ICO 

104 6 

16^ 

• c 



senes Loss of weight was a more prominent feature with fistula 
than wuth obstruction the a^ erage loss of w eight being 16 per cent of 
the preoperatne weight, and the extremes being 7 per cent and 28 
per cent No marked temperature changes were noted, the average 
rectal temperature before operation being 98 8 while the average highest 
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temperature befoie death was 101 2 In one annual, the rectal tempera- 
ture reached 104 6 just before death 

EFFECTS OF LIGATION OF THE ESOPHAGUS AROUND A HOLLOW SPOOL 

In order to determine the effect of ligation of the esophagus around 
a hollow spool placed in the lumen of this structure, this operation 
was performed m two animals One of these lived seven days and one 
eleven days, both dying of empyema and mediastmitis caused by leakage 
from the esophagus due to the tape having cut through the wall These 
animals exhibited little change m the chemical composition of the blood 
as indicated in table 3 The rise in temperature, and indeed the ulti- 
mate lethal outcome, can well be explained on the basis of the complicat- 
ing infection It is significant, however, that with an average duration 
of life of nine days the average loss of weight was only 11 5 per cent, or 
about the same amount as seen m the cases of obstruction in which the 

Table 3 — Effects of Legation of a Holloiv Spool in Thoiacic Esophagus 

(Two Animals) 



Average 

Lowest 

Highest 

Duration of life 

9 dajs 

7 days 

11 days 


216 hours 

168 hours 

254 hours 

Blood chlorides before operation 

615 

610 

620 

Blood chlorides just before death 

610 

605 

615 

Carbon dioyide combining power befoie operation 

SS5 

33 

44 

Carbon dioxide combining power lust before death 

SI 5 

27 

36 

Highest temperature after operation 

104 S 

103 8 

104 8 

Loss of weight 

115% 

97o 

14% 


Ligatures cut through and dogs died of mediastmitis, empyema and pneumonia 


animals lived only forty-eight hours, and considerably less than m the 
animals with esophageal fistula m which the average duration of life 
was se\ enty-three hours 

EFFECTS OF ESOPHAGEAL OBSTRUCTION FOLLOWED BY THE 
INJECTION OF SODIUM CHLORIDE 

Haden and Orr ® have reported that animals in which ligation of 
the cardiac end of the stomach had been performed could be kept alive 
for thirty-two days or more if given sufficient amounts of sodium 
chloride (40 cc per kilogram) after operation ' In three animals we 
have produced a complete esophageal obstruction and then injected 40 cc 
per kilogram of 1 per cent sodium chloride each 

da}^ including the day of operation (table 4) The duration of life 

6 Haden, R L , and Orr, T G J Exper Med 48 627, 1928 

7 Haden and Orr (footnote 1, p 479) state, regarding the dogs with ligation 

of the cardiac end of the stomach, that “ in no animal was the cardiac 

opening completeK occluded In most instances a lead pencil could be passed 
through ” 



ANDRVS-DOXNELLY—ESOPHAGIS OF DOG 5 

m these animals was not prolonged The alkali resene fell about 16 
per cent b} i olume, but the blood urea nitrogen remained w ithin normal 
limits "While some fall m the blood chlorides was noted, it did not 
reach a point significant!} below normal limits An aierage rise of 
1 degree in the rectal temperature was noted The a^erage loss of 
weight in these animals was 9 per cent 


EFFECTS OF ESOPHAGEA.L OBSTRUCTION FOLLOWED BY THE INJECTION 
OF SODIUM CHLORIDE AND SODIUM BICA.RBONATE 

Because of the imariable decrease m the alkali resen’-e m the ani- 
mals of this series often to a point well below normal limits, esophageal 


Table 4 — Effects of Obstruction of the Esophagus Combined uith the Adminis- 
tration of Forty Cubic Centimeters of Tuo-Tenths Saline per Kilogram, 
Four Times Daily (Three Animals) 



Average 

Lowest 

Highest 

Duration of life 

43 hours 

40 hours 

4S hours 

Blood chlondes bciore operation 

S49 

402 

625 

Blood chlorides just before death 

550 

430 

615 

Carbon dioxide combining power before operation 

S7 

2S 

42 

Carbon dioxide combining power just before oeath 

21 

15 

24 

Urea nitrogen before operation 

99 

67 

13 

Urea mtrogen just before death 

10 5 

10 

11 

Rectal temperature before operation 

100 7 

99 

102 5 

Highest temperature after operation 

101 7 

09 2 

104 2 

Loss of weight 

9~c 




Taple S — Effects of Esophageal Obstruction Combined 'u.ith the 4dministration 
of Two-Tenths Aormal Saline Forty Cubic Centimeters per Kilogram 
and Sodium Bicarbonate One Gram per Kilogram Daih 
(Five Animals) 



\verage 

Lowest 

Highest 

Duration of life 

46 hours 

24 hours 

SO hours 

Blood chlorides before operation 

574 

550 

550 

Blood chlorides just before death 

614 

605 

622 

Carbon dioxide combining poner before operation 

43 

sr 

54 

Carbon dioxide combining power ju't before death 

39 

34 

47 

Rectal temperature before operation 

100 5 

100 2 

100 s 

Highest temperature after operation 

102 7 

100 6 

lOG 4 

Loss of weight 

Urj 



obstruction was produced m five animals 

and 40 

cc of 1 

per cent 


sodium chloride and 1 Gm of sodium bicarbonate per kilogram 
of bod} weight Mere injected each da} after operation These measures 
also failed to prolong life, although no significant lall in blood chlorides 
or alkali reserie i allies were noted 


THE EFFECTS OF COMPLETE FOOD AND W VTFR ST\R\ \TION \LONE 
Since except as Ins been indicated none of the animals with expen- 
mental esophageal obstruction rcccned an\ food or water it was con- 
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sidered ad\ isable to follow up annuals under conditions of complete 
food and water starvation Three animals, therefore, were anesthetized 
with ether foi one hour and then kept in cages without food or water 
Administration of water was begun after twenty-three days in two 
animals the third was allowed to die without fluids or food These 
animals lived for twenty-three days or more, one surviving for thirty- 
two days Some decrease of blood chlorides occurred in two of the 
dogs, and all showed a fall in the alkali reserve A terminal rise of the 
blood urea nitrogen as noted by Bacon, Anslow and Eppler ® in their 
studies on dehydration was observed in the single animal allowed to die 
Several other control expeiiments were performed In one animal 
all of the -vagus branches were sectioned just above the diaphragm and 
the esophageal wall itself divided down to the submucosa This animal 
was not given any food or water for ten days, but was in good condition 
at the end of that time Food and water were then permitted, and the 
animal was followed up for ninety days, at the end of which time he 


Table 6 — Effects of JVatci and Food Sia)-vation (TJuce Animals) 


Duration of life 

Blood chlorides hefoio operation 

Blood chlorides just before death 

Carbon dioMde combining- power before operation 

Carbon dioxide combining power just before death 

Urea nitrogen before operation 

Urea nitrogen just before death 


Average 

Low est 

Highest 

23 days-f 
iS7 

423 

S2 days 
402 

4i5 

SIS 

518 

47 

S5 

52 

36 

26 

42 

12 

8 

17 

21 

6 

42 


did not show any ill effects The chemical composition of the blood 
exhibited no significant changes during that time 

Division of the cervical esophagus with immediate end to end 
anastomosis was not followed by any ill effects, except a fall in blood 
chlorides of 34 per cent The animal recovered completely 


SUMMARY 

The striking result of these experiments is that dogs invariably die 
following the sudden and complete obstruction of the esophagus , also, 
the production of esophageal fistula Avithout subsequent administration 
of fluids was invariably followed by death in the animals of this series 
The cause of death in these animals is not clear Dehydration, while 
it may play a role, is not the sole agent, as ewdenced by the fact that 
animals can Ine for thirty days or more when food and water are 
entirely withheld Further, animals dying with esophageal obstruction 
do not exhibit the terminal rise in temperature usually seen in animals 
dying from dehydration 

S Bacon D K Anslow, R E , and Eppler, H H Intestinal Obstruction, 
\rch Surg 3 641 (Xo^ ) 1921 
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The studies ot the changes in the chemical composition of the blood 
in this series indicate a tendency toward a decrease m the carbon dioxide 
combining power of the plasma and in the chlorides of the blood in 
some animals, but these changes are not constant The blood urea 
nitrogen showed a terminal rise in a few instances The average dura- 
tion of life following the production of esophageal fistula and without 
the administration of fluids was seventy-three hours, one animal living 
for six days 

We have not been able to increase materially the duration of life 
in animals with esophageal obstruction by the administration of sodium 
chloride, or of sodium chloride and sodium bicarbonate 

The fact that animals with esophageal fistulas die in almost as short 
a time as those with esophageal obstruction, and apparently m a similar 
manner, suggests that the loss of saliva may pla}' an important role m 
the lethal outcome Studies are now being made with regard to this 
point 



LIVER AUTOLYSIS IN VIVO <■ 


JAMES C ELLIS, MD 

AND 

LESTER R DRAGSTEDT, MD 

^ A 

CHICAGO 

The question of the effect of ui-vivo autolysis of tissues has been 
reopened by the recent reports of Mason, Davidson, Matthew and 
Rastello,^ Wangensteen and Waldron" and Haden and Orr® that the 
aseptic autolysis of small portions of liver in vivo is uniformly fatal 
m dogs This conclusion was reached following the finding that the 
ligation of a lobe of the hvei in the dog or the placing of a free portion 
of dog’s livei, obtained with strict aseptic precautions, m the general 
abdominal cavity legularly caused death m from fifteen to sixty houis 
In 1917, Dragstedt, Moorhead and Burcky'* reported that the m-vivo 
autolysis of short, isolated sections of intestine that had been sterilized 
by prolonged drainage into the peritoneal cavity did not produce any 
serious effect m dogs When such segments were infected, however, 
death followed shortly after the occlusion of their blood supply In 
1921, and later, we found that a similar situation obtained m the case 
of the spleen and the kidney When these organs were sterile, a liga- 
tion of the blood supply with resulting neciosis and absorption was 
without effect ^in dogs, but it caused death wlien these organs were 
infected The presence of gas-forniing anaerobes was more fatal than 
that of other organisms In the experiments with so-called aseptic 
autolyzing liver, the observers commented on the formation of gas in 
the neciotic tissue 

The question of the formation of highly toxic substances from body 
tissues through hydrolytic decomposition brought about by intracellular 

Submitted for publication, Sept 3, 1929 

*■ From the Department of Surgery of the University of Chicago 
This work has been done under a grant from the Douglas Smith Founda- 
tion for Medical Research 

1 Mason, E C , Davidson, E C , Matthew, C W , and Rastello, P B 
Tissue Autolysis in Vivo I Blood Changes Physical and Chemical, J Lab &. 
Chn Med 10 622, 1924, A Study of Tissue Autolysis in Vivo If A Pharma- 
cological Study of the Toxic Llatcnal, J Lab &. Chn ^fed 10 906, 1924 

2 Wangensteen, O H , and Waldron, G W Studies in Intestinal Obstruc- 
tion IV Strangulation Obstruction, Arch Surg 17 430 (Sept ) 1928 

3 Iladen, R L, and Orr, T G The Blood Chlorides m Proteose Intoxi- 
cation, J Exper Med 48 639, 1928 

4 Dragstedt, L R , I^Ioorhcad, J J, and Burckj, F W Intcstiinl Obslruc- 
tion An Experimental Studj of the Intoxication in Closed Intestinal I oops, J 
Exper Med 25 421, 1917 
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enzymes is of great practical and theoretical interest For the most 
part, the de^elopment of toxicitj in autol} sates conducted m Mtro has 
been produced b} contaminating bactena In-Mi o autol} sis of iar}nng 
amounts of tissue probabl} occurs after eier} surgical operation, the 
degree depending on the amount of tissue left mthin the grasp of 
ligatures Many surgeons haie commented on the hazard of leaving 
dead tissue m wounds, and m particular haie stressed the disastrous 
effect of infection m such cases 


Tible 1 — The Effect of Ligating a Lobe of the Liver and Leaving It in Place 


Effect on 
Xonprotem 

Length N, Urea Oh'er- 


Dog 

Procedure 

of Life 
Hr 

and XaCl 
in Blood 

vations 
at Autopsy 

EemarLs 

230 

Left lobe of brer 
ligated (ap- 
proximate 
iveight of liver 
75 Gm ) 

Less than 
20 

Xone 

Ligated lobe of liver 
necrotic gray and 
spongy some 
chocolate fluid m 
the abdomen 


2S2 

Left lobe of liver 
ligated (ap- 
proximate 
Tveight of liver 
75 (3m ) 

Less than 
20 

Xone 

Ligated lobe of hver 
soft, gray and 
spongy about 250 
cc of pure blood 
m the pentoneal 
cavity 

Hemorrhage around 
the ligature 

339 

Small lobe on 
left side of hver 
ligated 

Less than 
24 

XaCl faU 
100 mg 
per 100 
cc of 
blood 
^P^ and 
Urea >. 

Unchanged 

Ligated lobe of liver 
shghtly d a r L e r 
than the rest 
about 300 cc of 
blood in the pen 
toneal tai ity 

Perhaps a death from 
hemorrhage 

334 

Small lobe on 
left side of hver 
ligated 

20 

Xone 

Ligated lobe of hver 
gray-brown 
mushy and full of 
gas bubbles loops 
of intestines about 
the lobe showed in 
jeetion 


345 

Small lobe on 
left side of liver 
ligated at 1 1 s 
base ■with cat 
gut 

20 

Xone 

50cc of thicL 
chocolate brown 
fluid in the abdo 
men p e r i p h e ry 
of the ligated lobe 
of liverdarL brown 

Spore bearing anaero 
bic bacillus cultured 
from the hver at 
necropsy apparent 
ly not B wclehii 


spongy containing 
gas penpheiy 
nearly normal 


In the folloiiing experiments, an attempt has been made to deter- 
mine the role of bactena m the rapid death produced bi liier autolisis 
in 11VO All experiments iiere perfonned on dogs under complete 
ether anesthesia In series 1, consisting of fiie dogs, the small left 
lobe of the Iner iias ligated mth stnet aseptic precautions, the lobe 
lias left 111 place, and the abdomen closed All the animals died m less 
than til enti -four hours In eieri instance, the ligated lobe of liier 
at autopsi lias graiish broiin, soft and spongi and contained gas 
Cultures secured in one instance reicaled an anaerobic gram-positiie 
bacillus 111 the necrotic liier Detailed protocols are gnen m t-’ble 1 
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In senes 2, a somewhat different procedure was employed The 
abdomen was shaved and scrubbed with soap and water, according to 
the usual technic A solution of 95 per cent phenol was then applied, 
allowed to remain for a minute or two, and then removed with alcohol 
The abdomen was then opened by a long midline incision, and the knife 
discarded The wound was widely retracted, and sterile clamps were 
introduced and placed on the common bile duct and the portal vein, 
respectively Lobes of liver were then excised with forceps and scissors, 
care being taken that the liver tissue should come m contact with the 
gloved hand of the operator as little as possible Small pieces of liver 
were immediately transferred to sterile Petri dishes Cultures were 
made in plain broth, and to secure the growth of anaerobic forms, 
pieces of liver were dropped into long tubes containing skimmed milk 
with bromcresol purple and in others with egg-meat-broth mediums 
These tubes had been previously heated to drive off the air, then cooled, 
inoculated and sealed with vaseline The broth cultures remained 
sterile In both the milk and egg-meat mediums, growth was obtained 
in forty-eight hours, as a rule This was a gram-positive bacillus, and 
It was obtained from all anaerobic cultures of the fresh uncontaminated 
livers of the four living dogs of this series The organism was not 
definitely identified, but had the following characteristics It was a 
slender rod with spores at one or both ends, stained by Gram’s method 
but better with Loeffler’s methylene blue, formed medium-sized colonies 
with a marked zone of hemolysis on blood agar plates incubated in 
desiccators from which the air had been almost completely exhausted, 
produced gas when grown on meat, produced acid, gas and coagulation 
in milk, the clot being somewhat liquefied, and was a strict anaerobe 
It was not identical with Baallus welcJni, though similar in some 
respects After cultures had been made of the freshly removed liver, 
pieces weighing 70 and 80 Gm were placed in the free abdominal cavi- 
ties of two normal dogs Both animals died within thirty hours In 
both cases, the transplanted liver was necrotic, friable and spongy with 
gas The same gram-positive, anaerobic bacillus was cultured from 
this tissue In another dog, a piece of liver (100 Gm ) was introduced 
between the muscles of the abdominal Avail, and the wound tightly closed 
A subcutaneous abscess immediately formed and discharged through 
the skin The animal survived The protocols are summarized in 
table 2 

The experiments detailed demonstrate that the uncontaminated liver 
of normal Inung dogs regularly contains anaerobic bacteria To deter- 
mine the significance of these organisms in in-AUA'O autolysis of liver, 
the folloAAing experiments Avere performed Ta\o portions of fresh, 
uncontaminated dog’s liA'cr AA'hich on culture yielded the gram-positu'c 
anaerobic bacillus A\erc sterilized in the autoclaA'C at 15 pounds (68 Kg ) 
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pressure for fifteen minutes Subsequent cultures ga%e no grow-th 
These autoclaved portions of liver, weighing 100 Gm each, were placed 
in the free abdominal canties of two normal dogs These dogs show ed 
no subsequent ill effects One was reoperated on in fifteen da}S and 
the portion of Iner found to be only about half digested and absorbed 
No trace of the transplanted liver wias dlsco^ered in the abdomen of 
the second dog at the end of thirt} -eight da} s It is interesting to note 

T\ble 2 — The Effect of Placing Fresh Lizer from Another Dog into the 
Peritoneal Cavity or Muscle Spaces 


Effect 
on Xon 

Weight protein N, 

of Length Crea N 

Liver, of and XaCI 

Procedure Gm Life in Blood 

Bacteria 

of 

Fresh 

Liver 

Bacteria 

of 

Liver 

at 

Autopsy 

Observations at 
Autopsy 

Frebh hver 
from another 
animal placed 
in peritoneal 
cavity, a 
piece of the 
liver being 
taken for 
culture first 

SO L€s= It one 

than 

22 hours 

Gram positive 

anaerobic 

bacillus 

cultured 

broth cnlture 

negative 

Gram positive 
anaerobic 
bacillus in 
liver substance 
COCCI m broth 
culture 

Purulent fluid m 
abdomen loops 
of intestine 
showed mjec 
tion the piece of 
hver was sur- 
rounded by 
omentum the 
liver was spongy, 
friable necrotic 
and gray brown 

Fresh liver 
from another 
animal placed 
m the mus 
cles of the 
abdominal 
trail a piece 
being taken 
for culture 
first 

70 27 XPXfell 

hours f'om 53 
mg to 26 
mg per 100 
cc of blood 
Urea X fell 
from 2S mg 
to 12 mg 
per 100 cc 
of blood 
XaCl fell 
from 554 mg 
to 376 mg 
per lOO cc 
of blood 

Gram positive 

anaerobic 

bacillus 

cultured 

broth culture 

negative 

Gram positive 
anaerobic 
bacillus in 
li\er substance 
broth culture 
sterile 

Odorless gas 
escaped when 
space was 
opened, space 
around hver 
lined with grav 
necrotic ti'sue 
liver substance 
gray brown 
spongy necrotic 
containing many 
gas bubbles 

Fresh liver 
from another 
animal placed 
m the mus 
cles of the 
abdominal 
trail a culture 
being taken 
from this 
liver first 

100 Killed Xone 

after 

40 days 

Xo growth 

Liver not 
cultured 

Abreesc developed 
around liver In 
the abdominal 
wall two days 
after operation 
ab-ecss broke 
through «kin and 
animal survued 
healing subse- 
quently occurred 


that anaerobic bacteria were obtained in cultures of the omentum from 
around the place where the Iner substance had been In two experi- 
ments, portions of fresh dog’s Iner that had been autocla\ed as described 
were reinfected b} infiltrating them with a culture ol the anaerobic 
bacillus obtained from fresh Iner These reinfected fragments were 
placed m the abdominal caMties of two normal dogs Both these 
animals died in twenti and thirh-six hours, respectneh The protocols 
of these experiments are summarized in table 3 

In the experiment just described, it is oinious that the autoclanng 
not onh killed the infecting bacteria and their en7\me> but aho 
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destroyed the intracellular enzymes of the liver itself Its absorption 
in the abdominal cavity must therefore be accomplished after hydrol- 
ysis brought about by invading phagocytic cells and their proteolytic 
ferments To determine the influence of the autolytic enzymes of the 
liver in the production of toxic products, these enzymes were inactivated 
by heating portions of fresh liver to from 75 to 80 C for fifteen minutes 
Such treatment does not destroy the bacteria present, and cultures 
revealed the same organisms after heating These heated lobes of 
liver, when placed in the abdominal cavities of two normal dogs, caused 

Table 3 —The Effect of Placing Autoclaved Lwei (at 15 Pounds Piesswe fo> 
15 Minutes) m the Pci itoncal Cavity 


Doff Procedure 

72S lOO Gm of auto 
claved liver 
placed in the 
peritoneal 
cavity Tvith 
aseptic prC' 
cautions 


911 100 Gm of auto 
claved liver 
placed in the 
peritoneal 
cavity 


908 100 Gm of auto- 
claved liver in 
filtrated with a 
pure culture of 
organisms isolated 
from fresh dofe’s 
liver was placed 
in the perito- 
neal cavity 


Length 

of 

Life 

Baetena 

of 

Fresh 

Liver 

Bacteria 
of Auto- 
claved 
Liver 

Baetena 

of 

Liver at 
Autopsy 

Observations 
at Autopsy 

Killed 

after 

15 dayt, 

Grarr- 

positive, 

anaerobic, 

spore- 

bearing 

bacillus 

Sterile 

Gram 

positive 

anaerobe 

Autoclaved liver wrapped in 
omentum, about 25 cc of 
clear, straw colored fluid 
escaped when omentum was 
incised, only about half of 
liver had autolyzed m the 
fifteen days that animal 
had been kept 

Killed 

after 

38 days 

Gram- 

positive, 

anaerobic 

bacillus 

Sterile 

Gram- 
positivc 
anaerobe 
in the 
omentum 

Autoclaved liver entirely 
gone, fine mucus over omen 
turn, dense adhesions between 
stomach and animal’s own 
liver, abdomen somewhat dls 
tended by odorless gas durmg 
life subsequent to placing of 
hver in pcntoncal cavity 

20 

hours 

Liver 

not 

cultured 

Live’’ 

not 

cultured 

Gram- 

positive, 

anaerobic 

bacillus 

Autoclaved liver surrounded 
by loops of intestine, 30 cc 
of gray green pus around 
hver, liver mass gray green 
and friable, with little gas 


938 lOOGm of auto- 36 
claved liver m hours 
filtrated n ith a 
pure culture of 
organisms previously 
isolated from fresh 
dog’s liver, was placed 
in the peritoneal cavity 


Liver Liver Gram 

not not positive, 

cultured cultured anaerobic 

bacillus 


Autoclaved liver in left upper 
quadrant of abdomen, 
wrapped in omentum, liver 
substance gray brown with 
soft black areas through 
it and no gas 


>ote The nonprotein X, the urea N and the NaCl of the blood were within normal limits 


toxemia and death in twenty-two and thirty-six hours, respectively 
The protocols are given in table 4 Conditions here are apparently 
similar to those in the experiment m which the autoclaved liver was 
later reinfected by the isolated bacteria It seems probable that this 
organism forms exceedingly poisonous substances when permitted to 
grow in dead liver, and that it is the absorption of these poisons from 
the peritoneal cavity that causes death under the conditions of these 
experiments 

The experiments now to be described indicate that actual aseptic 
m-vivo autoljsis of luer is not fatal Pups, near term, were removed 
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by Cesarean section, and the Iner and entire alimentarr tract r\ere 
secured ^\lth careful aseptic precautions All cultures of these tissues 
yielded no growth The fresh fetal livers and also the entire abdominal 
Mscera vere placed in the peritoneal cavities of normal dogs without 

Table 4 — The Effect of Placing Dog’s Liver That Has Been Heated to front 
75 to 80 C Vito the Peritoneal Cazity 



length Effect on 






of 

Ifonprotein X, 

Bacteria 

Bactena 

Bactena 

Observa- 


life 

Urea N and 

of Fresh 

of Heated 

of liver at 

tions at 

Dog Procedure 

Hr 

KaCl in Blood 

liver 

liver 

Autopsv 

Autopsy 

746 100 Gm of liver 

22 

Xone 

Gram- 

Gram- 

Gram 

Transplanted 

cultured then 



positive 

positive, 

positive 

liver maos 

heated to 75 C 



anaerobic 

anaerobic. 

anaerobic 

firm smooth 

for 15 minutes 



baciUus, 

spore- 

bacnius 

and grav- 

again cultured 



broth 

beanng 


brown pint 

and then placed 



cultures 

bacillus 


on Its surface 

in the iiento 



negative 



no formation 

neal cavity 






of gas 

749 100 Gm of liver 

36 

X'PX rose from 

Gram- 

Gram- 

liver not 

Diffuse general 

cultured, then 


33 mg to 56 mg 

positive 

positive 

cultured 

peritonitis 

heated to 75 C 


per 100 cc of 

anaerobic 

anaerobic 


transplanted 

for 15 minutes 


blood urea 

baciUus 

bacillus 


liver entirely 

again cultured, 


rose from 15 mg 




necrotic 

and then asep- 


to 36 mg per 




mushy gray 

tically placed 


100 cc of blood 




brown and 

in the perito 


XaCl fell from 




containing 

neal cavity 


552 mg to 425 mg 



much gas 


per 100 cc of blood 


Table S — The Effect of Placing Fetal Liver into the Peritoneal Catity 

of the Dog 


924 


92G 


620 


Procedure 

Effect on 

Length Xonprotem X* 
of Urea X and 
Life Xacl of Blood 

Bactena 

of 

Presh 

Liver 

Bactena 

of 

Fresh 

Liver 

Entire liver se- 
cured aoeptically 
from a cesarean 
section pup and 
placed into the 
pentoneal cavity 

Killed 

after 

26 days 

Xone 

Stenle 

Xothing to 
culture 

Entire abdominal 
viscera secured 
from a cesarean 
section pup and 
placed in the pen 
toneal cavity 

Killed 

after 

26 days 

Xone 

Sterile 

Nothing to 
culture 

A sterile fetal liver I^iHed 
was infiltrated after 

with a pure culture CG days 
of anaerobic organ 
i«ins which had pre 
viously been isolated 

Xoue 

Sterile 

Gram po itive 
anaerobic 
bacillus cul 
tured from 
abscess wall 
and the pus 


from a healthv dop s 
liver this infiltrated 
liver was placed m the 
peritoneal cavlt^ 


Observations at 
Autopsy 

Pentoneum everywhere 
smooth and shiny 
no adhesions no trace 
of fetal liver placed 
in abdomen 

Peritonenm evervwhere 
smooth and shiny 
no adhesions no trace 
of fetal ti sue placed 
in pentoneal cavity 

An abscc'' surrounded 
bv omentum was 
adherent to the 
antenor abdominal 
wall it contained 
about so cc of thicL 
prav preen pu' no 
liver tisme remained 


ill effect Examination made after twentA-six dats showed no etidence 
of the transplanted tissues all hating been absorbed 

The toxemia associated with autohcis ot the nornialh infected Iner 
of dogs IS so profound and death occurs so rapidh that there is little 
time for am marked changes to occur in the chemistn ot the blood 
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For the most part, the nonprotein nitrogen, urea nitrogen and chlorides 
remain within normal limits In some cases, a fall in chlorides similar 
to that observed in certain cases of experimental peritonitis was found 


COMMENT 

The difficulties of getting sterile tissue for the study of autolysis 
have Jong been recognized Most studies on autolysis in vitro have 
been made by the antiseptic rather than the aseptic method The usual 
procedure has been to incubate the tissue between lasers of toluol and 
chloroform as antiseptics 

Magnus-Levy " studied the aseptic autolysis of the livers of dogs 
and cattle Agar cultures were made to check the sterility of these 
organs Securing sterile livers was difficult The chief organisms 
present were fermentative rather than putrefactive In the livers that 
apparently proved sterile, he found a rapid production of organic acids 
and gases when the livers were incubated at 37 C 

Jackson ® made similar studies on the “in vitro aseptic autolysis” 
of dog’s liver Agar cultures were made of the tissue to determine 
sterility He made the statement that antiseptics such as chloroform 
and toluol markedly inhibited the rate of autolysis 

Wolbach and Saiki," with extreme precautions against contamina- 
tions, cultured the livers of twenty-three dogs Twenty -one of the 
twenty-three livers contained an organism which was difficult to grow 
on ordinary mediums, but which could be grown on a sterile Extract 
of liver It was a large, spore-bearing anaerobe which had the power 
of splitting glycogen and protein with marked formation of gas 

Jackson ® noted that autolysis was extremely slow in the two sterile 
livers secured by Wolbach and Saiki ^ At the end of forty-eight hours, 
the liver tissue was firm There was no formation of gas Lactic acid 
could not be detected by ordinary means Jackson concluded that the 
changes which he and Magnus-Levy had previously seen were due to 
the action of this peculiar organism frequently present in normal dog’s 
liver The inhibition by antiseptics seemed to be an inhibition, not of 
autolysis, but of this organism 

There is considerable evidence that the tissues of normal, healthy 
animals may regularly contain bacteria Reith ® cultured the muscle 

5 Magnus-Levi, A Ueber Saurebildung bei der Autohse der Leber, Beitr 
z chem Phys u Path 2 261, 1902 

6 Jackson, H C Rate of Aseptic Post-Mortem Autol>sis. J E\per Itfed 
11 55, 1909, The Rate of Autoljtic Reaction, J J.! Research 21 281, 1909 

7 Wolbach, S B and Saiki, Tadasee A New Anaerobic Spore-Beanng 
Bacterium Commonb Present m the Lners of Healthr Dogs, J If Research 

21 267, 1909 „ , 

8 Reith, A r Bacteria in the Muscular Tissues and Blood of Appircntli 

Normal Animals, J Bact 12 367 1926 
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and blood of hogs, rabbits and guinea-pigs and obtained bactena m a 
high percentage of his attempts Bacteria ere present in tissue secured 
from Ining animals, as well as m material secured from the packing 
houses Anaerobic cultures were positii e in a high percentage Hauser ^ 
found bactena m from 7 per cent to 43 per cent of cultures of the 
spleen, kidney, liver, heart and muscle Bacteria ere present in 14 8 
per cent of all cultures of Iner He held that these vere due to air 
contamination, and not to the presence of organisms in the tissue 
Neisser denied the presence of micro-orgamsms in normal tissues 
Opitz found the liver, spleen and mesenteric l}mph glands free from 
bacteria, except in rare instances Criticism might be directed at their 
work because the results of all cultures were recorded at the end of 
seventy-two hours A longer time might ha\e changed these results 
Ford cultured the lu ers and kidne} s of dogs, cats, rabbits and guinea- 
pigs From 75 per cent to 88 per cent of the cultures vere positue 
Cat fetal organs were sterile He also showed that each animal had 
in the tissues its own distmctne kind of bacteria A series of cultures 
of human liver, kidney and spleen were 100 per cent positne Conradi,^“ 
with special precautions for sterilizing the surface of the tissue found 
bacteria in the normal tissue of slaughter house animals, the positne 
cultures varying from 66 per cent in the case of cultures of Iner to 
9 per cent m the case of cultures of spleen Bierotte and Machida 
obtained similar results Amako maintained that the method of 
sterilizing the surface of the tissue used b\ both Conradi and Bierotte 
and Machida had been fault} He found bacteria m the normal tissue 
as frequentl} as the}, but belieied it impossible to eliminate con- 
taminants 

All these studies, except those of Reith, were done on the tissues of 
killed animals Reith cultured the muscle and blood of Ining anesthe- 
tized animals Berg, Zaw and fobling cultured, simultaneous!} , In er 

9 Hauser, G Mikro-organismen in lebendc gcwcbe 4rch t Expcr Path 
u Pharimkol 20 162, 1S86 

10 Xeisser, Max Ueber die Durchgungigkcit der Darmwand fur Bakteneii 
Ztschr 1 H\g u Infectionskrankh 22 12 1896 

11 Opitz E Beitrage zur Prage der Durchgangigkeit \on Darm und N'icren 
fur Baktenen Ztschr f Baktenen 29 505 1898 

12 Ford W W BactenoIog^ of Hcaltlw Organs Tr Am Pin- 15 
589, 1900, Bacteriology of Xormal Organs T Hyg 1 2/7, 1901 

13 Conradi H Ueber Kciingchalt Xornialer Organc Munchcn med 
M chnschr 56 1318 19CK> 

14 Bierotte E and Machida S Untersuchungen ubcr Kcimgshalt Nora akr 
Organc, Munchen mcd M chn-chr 5 / 636 1910 

15 Amako Tamie Zt-chr l Hyg u Intection-krankh 66 106 loio 

16 Berg B X Zaw, Z D and Tobhng T \\ Bactericidal Eure lo- of 
the Ener, Proc Soc Exper Biol 3. Mid 24 433 1*32/ 
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gallbladder bile and portal vein blood of living anesthetized dogs The 
bile and blood were uniformly sterile, but the liver regularly contained 
anaerobic spore-bearing bacteria, apparently similar to or identical with 
the organism described by Wolbach and Saiki and the one found in 
normal healthy dog’s hvei m our expel iments 

The study of autolysis in vivo is made difficult by the regular pres- 
ence of these organisms in the tissue Such bacteria growing in tissue 
devoid of blood supply may well be the cause of the formation of toxic 
products which rapidly cause the death of the animal Fetal liver, found 
sterile by culture, can be completely autolysed m the peritoneal cavity 
of an animal without harm 

CONCLUSIONS 

1 The uncontaminated liver of a normal, healthy adult dog regularly 
contains a gram-positive anaerobic bacillus 

2 It IS probable that the experimental so-called “in-vivo aseptic 
autolysis of the liver” is always accompanied by this infection and that 
this IS the cause of death 

3 In-vivo aseptic autolysis of fetal liver, proved sterile by culture, 
does not pioduce any toxic effect 



BILIRUBIN IN EFFUSIONS OF THE JOINTS 

METHOD OF ESTIMATION AND SIGNIFICANCE * 

DAVID H KLING, IkID 

LOS A^GELES 

The difterential diagnosis between effusions of inflammator} and of 
traumatic origin is important from both a medical and an economic 
aspect, It guides therapeutic njeasures.'and decides, in industrial and 
liability cases, the claim for compensation 

The conclusion is based on the anamnesis, the objectne signs of 
injury or infection and the character of the aspirated effusion The 
anamnesis can be misleading, minor injuries as well as infections are 
liable to be overlooked On the other hand, the histor} of an accident 
will be questioned unless supported by clinical obsen'ations, especiall}’- in 
cases that imolve financial liabilitj Abrasions, lacerations and other 
external symptoms are absent in a large number of traumatic effusions 
of the joints Roentgenograms are positne only in the presence of 
intra-articular fractures The character of the aspirated fluid is there- 
fore the most valuable aid in these diagnostic problems 

It is generall} recognized that a hemorrhagic fluid indicates a trau- 
matic etiolog)' of the effusion While this is true in the majority of 
cases, there are exceptions which limit the r alue of the finding of blood 
Some diseases, such as sarcoma or hemophilia, can produce a hemathro- 
sis The puncture of a vessel during the aspiration can add blood to an 
exudate, an occurrence that is frequent and, therefore, an important 
source of error On the other hand, as blood is absorbed from the 
synovial cavity it will be missing if the aspiration is done some time 
after the injury 

An estimation of the bilirubin content of the blood promised to clear 
up some of the doubtful points, and to make the differentiation more 
comprehensive 

BILIRUBIN FORMATION IN HEMORRHAGIC EFFUSIONS 

After a hemorrhage into the joint has occurred, the red corpuscles 
break dov n The hemoglobin undergoes further changes and bilirubin 
IS formed as an end-product The amount of bilirubin in an effusion 
depends on the quantitr of red corpuscles from -which it is denied, and 
the time necessan to form this end-product When bleeding is slight 
the amount of bilirubin is simll eien after all enthrocites are broken 
down On the other hand a large hematoma contains m the first few 


* Submitted for publication Sept 3 1929 
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days, almost intact red corpuscles and little biliiubin On lepeated 
aspirations, one will observe a deciease in the blood corpuscles and a 
pioportional increase in the amount of bihnibm Blood that is added 
to an exudate during aspiration cannot have an influence on the bili- 
rubin content of an effusion The coloi of the human blood seium, as 
well as of the joint fluids, depends mainly on the bilirubin 

METHODS or IDENTIFICATION AND ESTIMATION OF BILIRUBIN 

1 Specli oscoptc Exammation — The spectrophotometei is the most 
accurate and sensitive means of detecting bilirubin, but technical leasons 
pi event its clinical use 

2 The van den Beigh Test — ^The test is based on the fact that bili- 
rubin combines with the diazonum salts, giving a red or violet coloi 
Hijmas van den Bergh,^ to whom physicians are indebted for most of 
their knowledge of this pigment in the blood serum, demonstrated two 
modifications of bilirubin 

The bilirubin that has passed the liver cells combines directly with 
the diazo reagent Bilirubin that was not submitted to the action of the 
epithelium of the liver gives the reaction only indirectly The serum 
or fluid is first mixed with double the amount of alcohol, and centrifu- 
gated The albumin is precipitated, and the clear supernatant fluid is 
combined with the diazo reagent The depth of the color developed is 
proportional to the amount of bilirubin present It is matched in the 
colorimeter against a standard equal to 1 part of bilirubin m 200,000 
parts of serum The normal human blood serum contains between 0 3 
and 0 6 of an unit 

3 Ictenis Index — The yellow of human blood serum and effusions 
IS caused chiefly by their content of bilirubin A comparison of the 
dgpth of this color with a standaid solution of potassium bichromate 
gives a quantitative estimation of the bilirubin This method also 
originated with van den Bergh, but the practical application is due to 
the work of Meulengracht * and Bernheim ^ The standard is equal to 
15 units, normal seium has an index of 3 to 6 units The advantage 
of this method is simplicity , a colored disk is available for the clinical 
t)'pe of colorimetei s , also low priced special icterus index comparators 
are on the market 

The drawback to this method is that the yellow is not entirely due 
to bilirubin Lutein and lipochromes frequentlv found in the blood 
serum also contain yellow coloring matter When present in con- 

1 Van cicn Bergh Hijamas Dcr Galicnfarbsloff nn B/u(c LckJcj! 1918 

2 Meulengracht E Deutsches ^rch f khn ^fed 137 38 1921 

3 Bernheim Mice R Icterus Index A Qinntitatnc Estimation of Bill 
rubinemn, JAM \ 82 291 fjan 26) 1924 
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siderable quantit\ this ttill influence the icterus index Recenth Segall 
and Tern •* pointed out this lack of specificit} of the icterus index 

It IS tuither clear that the icterus index cannot distinguish the ttto 
modifications of bilirubin brought out b} the direct and indirect i an den 
Bergh test A high content ot bilirubin of the blood im 11 gne a high 
icterus index eqtialh i\hen caused bt an obstructiie jaundice that gnes 
both the direct and indirect lan den Bergh reaction or b} inflammaton, 
toxic and hemohtic jaundice that gne a positne indirect lan den Bergh 
reaction onh These objections should carr} weight iihen tlie icterus 
index of the blood serpm is emploied as a test of the function of the 
In er 

1\I} object howeier, i\as to estimate the content of bilirubin formed 
locall} m effusions of the joints The possibility of detecting the source 
of a high bilirubin content of the blood \Mth the lan den Bergh test iias 
immaterial I used exclusnely effusions from patients iiith normal 
bilirubin contents in the serum , only in these cases is the increase in the 
bilirubin proied to be formed locally from the hematoma The lipo- 
chromes i^hich interfere with accurate results m the serum, are mostly 
denied from food , they' are transient and are not secreted into the joint 
fluid With these objections eliminated, the icterus index appeared to 
combine simplicity and reasonable accuracy and i\as employed as the 
general method for my iiork 

As a preliminary to my' study, I made a number of comparatne 
examinations of joint fluids with the van den Bergh test and tlie icterus 
index These fluids with high lalues of locally termed bilirubin up to 
10 units (equal to thirty' times the amount normally found in serum) 
gave without exception, a negative direct a an den Bergh reaction The 
A allies ot the indirect a an den Bergh reaction and the icterus index Aiere 
in good agreement This proAcs that the yellow of the fluid A\as due to 
bilirubin The a an den Bergh reaction and icterus index of nonhemor- 
rhagic effusions (transudates and exudates) AAcre equal or slighth loAier 
than in the blood serum of the patient 

jMy routine procedure in the reported senes was as follows The 
aspirated effusions Avere centrifugated , the supernatant fluid was pipetted 
oft from the sediment and the icterus index recorded Only clear not 
hemohzed fluids aa ere used Simultaneously a feAA cubic centimeters of 
blood AAas secured from the cubital ACin of the patient and the icterus 
index of the serum controlled Onh cases in aaIucIi the icterus index ol 
the blood A\as normal were included in these studies The icterus index 
AAas repeated A\ith each subsequent aspiration 

4 SccaII G and Terr\ M C The Aan den Bergh Test and the Icterus 
Index, California & \\ extern ^led 28 3 (March! 1928 
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ANALYSIS or MATERIAL 

The basis of this investigation foims a series of fifty cases of joint 
fluid, forty-six (92 per cent) lesulting fiom effusions of the knee and 
four (8 per cent) fioin the elbow joint Foity-eight patients (96 per 
cent) alleged an accident, only two (4 per cent) did not make an injury 
responsible for the effusion The traumatic etiology was clinically 
confirmed m thiity-two cases (64 per cent), and was not supported in 
fourteen (28 per cent) of the cases Four cases (8 per cent) were 
regarded as doubtful Of these fifty cases, the icterus index was esti- 
mated in thirty-five (70 per cent) The seium in the lemaimng fifteen 
cases (30 per cent) was eithei too cloudy or too hemolytic to estimate 
This IS apparently a high percentage, in which the test could not be 
applied, but thirteen of these cases were undoubtedly traumatic, includ- 
ing nine of fiacture and dearrangements Hence the differential diag- 
nostic value of the test is not markedly reduced by the cases in which it 
could not be applied Thirty-five effusions in which the icteius index 
was estimated are tabulated in three groups 

Table 1 gives the diagnosis, the interval between aspiration and the 
injury, the amount of fluid and icterus index of eighteen cases of joint 
effusions of traumatic origin in which objective observations were in 
agreement with the anamnesis The analysis of this gioup reveals that 
the icterus index is higher than the icterus index of the blood serum, 
which was below 6 units, and varied in the fluids m the white lange from 
7 4 to 28 units 

With the exception of the first three cases, the icterus index in this 
group had a tendency to use with the age of the effusion Fluid 
aspirated from three patients in the first week of mjuiy showed an 
icterus index of from 7 4 to 10, from five patients in the second week, 
an icteius index of from 10 to 18, from three patients between three 
and four weeks after injury, an icterus index of from IS to 28 units 
The latter figuie is the highest icterus index in the series From the 
twenty-eighth to the sixty-ninth day aftei injury a slight decline was 
noticed, the icterus index ranged from 16 to 21 units This shows how 
slowly absoiption from an injured joint takes place and einphasires the 
therapeutic value of early aspiration 

The icterus index in effusions that were reaspirated increased from 
5 to 10 units a week 

The time between the formation and the absoiption or aspiration of 
the effusion was not the only factor responsible for the production of 
bilirubin in the joint cavitj- The amount of hemorrhage was also 
important because blood is the material from vliicli the bilirubin is 
formed The quantity of fluid aspirated in this group varied from 
4 to 90 cc This explains the ^arlatlon m the height of the icterus 
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index m effusions aspirated at nearh identical periods atter injur} 
Some mdnidual factors ma} also have an influence on formation of 
bilirubm m joint cavities 

The first three patients of this group had an icterus index of betr\ een 
IS and 25 units although the effusion was aspirated on the first, second 
and third dajs alter injim This seems to be a contradiction to the 
above principles of local formation of bilirubin The explanation is 
that all three patients had intra-articular fractures hence ^enous blood 
from the bone-mairow had access to the joint cavit\' Mann® and his 
co-W'orkers pror ed, b} animal experiments, that the bone-marrow' is the 


T-\ble 1 — Tiaumattc Effusions 


4spi- Days Icterus 
rated After Index 


Case Diagnosis 

Cc 

Trauma 

Units Comment 

1 

Fracture of the internal condyle 
and spine of the tibia 

50 

1 

IS 

2 

Fracture of the external condyle 
of the tihia 

5 

2 

25 Incomplete aspiration of large 
effusion 

3 

Intra articular avulsion 

90 

3 

20 

i 

Bursitis prepatellar 

20 

3 

9 4 Eeaspiration on seventh dav 
icterus mdes 16 6 le-s cor 
puscles 

5 

Bursitis oleerani 

10 

3 

10 

e 

Synovitis genu 

50 

4 

7 4 Icteru' inoex in the blood 
serum 4 1 

7 

Synovitis genu 

23 

s 

15 

S 

Synovitis genu 

SO 

11 

lo3 

9 

Svnovitis genu 

10 

13 

10 

10 

Bursitis prepatellar 

25 

14 

IS Kea'piration on sixteenth day 
icterus index IS 

11 

Svnovitis genu 

20 

14 

15 Few blood eorpu'cles 

12 

Bursitis suprapatellar 

35 

IS 

2S Vances around Ince 

13 

Bursiti® olecra'ni 

5 

21 

IS 

14 

Bur«itis oleerani 

s 

27 

2$ 

15 

Synovitis genu 

12 

S3 

IS 2 

16 

Burjritjs prepatelJar 

20 

S3 

16 Van den Bergh, indirect 3S 
units 

17 

Bursitis oleerani 

S 

35 

21 Wa'sermann reaction four pin- 
blood and fluid van den 
Bergh indirect 5 7 units 

IS 

Synovitis genu 

40 

09 

19 Few blood cells 


Site of the largest production of bilirubin, and that tenous blood from 
the bone-marrotv had a high bilirubin content The high icterus index 
in my cases of intra-articular fractures was tlierefore, due to bilirubin, 
not local!} produced, but carried into the joint cat it} with the tenous 
blood from the bone-niarrow' M} obsenation is to ni} knowledge the 
first clinical confirmation of the splendid experimental work of Mann 
and his co-workers, and is of practical talue for the diagnosis of intra- 
articular fractures as I pointed out elsewhere ® 

5 Mann F C Slieard Charles and BoIImann Jessie L E\a!u?tion oi 
Relatne Amounts of Bilirubin Formed in Liter, Spleen and Bone ^^arro\\ \m 
J Plnsiol 78 3S4 (Oct) 1926 

6 Kling D H Fat in Traumatic Effusions ot the Knee Joint, Am T 
Surg 6 71 (Jan ) 1929 
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The bilirubin content in combination with the quantity of red coipus- 
cles in the aspirated fluid can be used as an indication of the age of an 
effusion In recent tiaumatic effusions, the icterus index and the volume 
of blood coipuscles have nearly the same values as m the cn dilating 
blood If during aspiiation blood is added to a nonhemorrhagic fluid, 
the amount of led cells will be slight and the icteuis index noimal The 
moi e blood corpuscles that ai e broken down, the highei the ictei us index 
rises Hemoirhagic effusions will show in the first week an icterus 
index of about 10 units and a volume of 30 to 40 per cent of corpuscles 
in the centrifugated fluid The cells dimmish, and the icterus index rises 
to around 20 units m the second week 

Finally, after thiee oi font weeks, only a small amount of led cells 
are left, while the icteius index is around 30 units The volumes of 
corpuscles m blood and effusion can be easily compared with the 
hematocrit When this instrument is not available, two graduated small 
test tubes of the same caliber aie filled with equal amounts of effusion 
and oxalated blood from the patient The samples aie centrifugated at 
high speed foi five minutes, and the volumes of cells in the two tubes 
aie compared Recently the eiythrocytes of the aspiiated fluid have been 
estimated diiectly in the blood counting chamber Accoiding to the 
hemorrhagic content of the effusion one uses higher or lowei dilution 
with Hayem’s solution Subsequently a red blood count is made, from 
which one abstracts the number of erythrocytes in the fluid The dif- 
ference then gives the amount of red cells broken down in the synovial 
cavity If, for instance, 5,000,000 erythrocytes pel cubic centimetei 
are found in the blood and 800,000 in the fluid, then 4,200 000 pei cubic 
centimetei have been broken down Either method is subject to eiror 
on account of the secretion of the synovial fluid, which will dilute the 
blood content and diminish the volume of red corpuscles as well as the 
numbei of erythrocytes They aie, therefore, of lelative value, and 
should be used only for comparative study The calculation of these 
factors peimits a conclusion as to the age of the alleged injury, and a 
discrepancy with the observations of the history should be viewed witli 
caie 

In contrast with group 1, table 2 summarizes thirteen cases of inflam- 
matory effusions With the exception of two, these patients alleged an 
accident duiing work and claimed compensation Howevei, the clinical 
observations were negatne for trauma, and the history was quite lagtie 
Patient 1 claimed that another emploi ee ran into him , patient 2 that he 
slipped but did not fall and patient 6 claimed that he uas struck with 
the spine of a date leaf The\ offered the clinical simptoms of 
mflammaton sinovitis due to specific (gonorrheal siphihtis or septic) 
or unspecific infection Tiie aspirations were made from fiie to forti- 
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three da} s after the onset of the effusion The icterus index ran in the 
narrow range ot from 3 to 5 2 units and was equal or slightl} lower 
than in the blood serum The fluids w^ere turbid or limpid, and the 
Rivalta reaction w'as strongly positne The} did not contain blood 
An increase of bilirubin w'as not obsen'ed in subsequent aspirations 
Final!}, a group of four effusions of doubtful etiolog}^ is gnen in 
table 3 The histon of the injur}' w'as quite definite, but was not sup- 
ported b} objectue signs The fluids were free from blood The low 


T\ble 2 — Inflammatory Effusions 




Aspirated 
Days ifter 

Icterus 


Case Diagnosis 

Onset 

Indev 

Comment 

1 

Svnovitis genu 

2 

4 

AllegeE collision with fellow employee 

2 

Bursitis suprapatellar 

4 

3 5 

Strueb knee lightly mth rrrench kneels 
Tvhilp working reaspirated four times 
during 3 months icterus mdex 2^ to 4 3 
units 

3 

Synovitis genu 

5 

4 7 

Slipped but did not fall 

4 

Septic arthntis 

s 

52 

Sepsis from infection of nght hand 

5 

Bursitis olecrani 

13 

38 

Celluhtis of elbow 

6 

Synovitis genu 

27 

4 

Floor scraper few red celU housemaid s 
knee 

Infection from spine of date leaf 

7 

Synovitis genu 

43 

53 

s 

Syptiilitic synovitis 

31 

39 

Wassermann of blood and fluid four plus 
absorption after antisyphihtic treatment 

9 

Synovitis genu 

? 

28 

Housemaid s knee 

10 

Synovitis genu 


4 


11 

Synovitis genu 

? 

32 

Gonococci positive m urethra and culture 
of effusion alleged trauma ‘walking up 
stairs mu't have 'lipped 

12 

Gonorrheal arthritis genu 

^1 

47 

13 

Tabetic atrophatie genu 

9 

4 

Optic atrophy Wa^ermann reaction neg 
ative in blood and effusion 


T\ble 3 — Effusions of hncertain Etiolog\ 


Case Diagnosis 

1 Bursitis prepatellar 

2 Bursitis prepatellar 

3 Synovitis genu 

4 Villous synovitis 


\spiratcd 
Days After 

Icterus 

Onset 

Indc^ 

1 

4 

8 

46 

43 

35 

330 

42 


Comment 

Transudate blood negative Hivalta rcac 
tion slightlv positive 
Transudate Kivolta reaction negative 
Transudate Rivalta reaction negative 
specific gravity 1 013 
Synovectomy 


icterus index of from 4 to 4 6 units further indicated the absence of 
blood during the detelopment of the effusion While these factors 
contiadict the histot} there are some complications that do not permit 
elimination of traumatic etlolog^ entire!} 

The fluids in the first three cases showed the character of trans- 
udates , the\ w ere clear pale limpid of low specific gra\ lU , and reacted 
negatiieh or shghtK positueh to the Rnalta test \s a rule I found 
traumatic effusions to be hemorrhagic because of the rich blood supph 
of the SMioMa It is doubttul whether a slight injur\ that does not 
rupture a \esscl will produce a transudate in a ioint While one is 
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inclined to inteipret such effusions on the basis of an irritation or 
inflammation, one must admit that there is not sufficient data available to 
exclude, entirely, the possibility of tiaumatic etiology of transudates 

Case 4 reveals another pioblem wheiein the icteius index at the time 
of aspiiation does not give a hint as to the primary cause of the effusion 

REPORT OF CASE 

T P , a man, aged 25, fell and struck the right knee on the running board 
of an automobile He developed pam gradually, consulting a physician fourteen 
dajs after the injury He had a recurrent synovitis, and was seen in our hospital 
eleven months after the onset, when 20 cc of mucogelatinous fluid was aspirated 
The sediment consisted of pus and endothelial cells The Rivalta reaction was 
strongly positive, and the icterus index showed 42 units At the operation, a 
villous synovitis was found and a synovectomy was performed While the 
icterus index and the other characteristics of the fluid at the time of the operation 
were typical of inflammatory effusion, one must consider the possibility that the 
original effusion was hemorrhagic, and had a high bilirubin content, but was 
absorbed during the previous eleven months There are no exact observations 
availaole on the time of absorption and on the character of the fluid m the recur- 
rent effusions A connection of the resulting inflammatory process with a primary 
injury, therefore, cannot be excluded 

COMMENT 

This Study of the icterus index brought forwaid the fundamental 
difference in the bilirubin contents of effusions A group of eighteen 
cases of definite traumatic origin showed an icterus index higher than 
the blood serum and varying in a wide range of from 7 to 28 units This 
is due to local foimation of bilirubin, except in the cases of intra- 
articular fractures in which venous blood from the bone-marrow with 
a high bilirubin content is carried into the joint cavity The amount of 
the locally formed birilubin depends on the amount of hemorrhage and 
the interval between the formation and aspiration of the effusion A 
gradual rise of the icterus index can be observed on subsequent aspira- 
tions, and a conclusion as to the age of an effusion can be deduced from 
the height of the icterus index and the amount of blood corpuscles in an 
aspiiated fluid of traumatic origin A second group of effusions shows 
an icterus index equal or slightly lower than the blood serum of the 
narrow range of from 3 to 5 2 units, which is not influenced by the time 
of the aspirations and does not rise on subsequent reaspirations The 
majority of these effusions are evidently of inflammatory origin Some 
dubious points in a small group of cases need further investigation 
eientuall) by other methods 

SUMMARY 

The local formation of bilirubin raises the icterus index in traumatic, 
hemorrhagic effusions abo^ e the level of the blood serum The icterus 
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index in infi iinnnton (.fiusion'' on the othci liand is equal oi siightl’ 
louer than in blood '.liuiii 

Ihe localK loiiiicd hilnuhin content depends on the amount ot 
bleeding and on the time illoued loi pioduction The icterus index 
theretore will iiKiei^e and the blood coipuscles decrease m tiaumatic 
efiu'^ion 1 In'- permits one to di aw a conclusion ot the age ot an effusion 
und to distinguish between a heniorihage due to punctuie during aspira- 
tion and an oiiginal heni.itnma Ihe icteius index m inflammator\ 
effusions is not innneneed b\ these taetois noi does it ean on 
reaspirations 

In intra-articul u tiactuies \enous blood, rich in bilirubin, reaches 
the joint caMt\ fiom the bone-mairow, and raises the icterus 
index immediateh , indcjiendent ot an\ local lormation of bibrubin A 
high icterus index in a fluid aspnated immediateh, or in the first dajs 
after the trauma is characteristic tor mtra-articular fractures 

The amount of blood corpuscles in an effusion can be estimated be 
the aolume of the blood sediment or directlj b} the cell count and com- 
pared with the ealuc in the cn dilating blood 

Seeeral doubtful points icquire further ineestigation 

423 Townc Aecnuc 



DISTRIBUTION OF THE BLOOD IN SHOCK 

THE OXYGEN CONTENT OP THE VENOUS BLOOD FROM DIFFERENT 
LOCALITIES IN SHOCK PRODUCED BY HEMORRHAGE, 

BY HISTAMINE AND BY TRAUMA * 

ALFRED BLALOCK, M D 

AND 

HUBERT BRADBURN, MD 

NASHVILLE, TENN 

It IS generally believed that there is a reduction in the A^olume of the 
circulating blood m all types of shock In instances of shock without 
hemorrhage, the diminution of the blood volume is attributed to a pas- 
sage of fluid from the blood into the tissues The cause of the increased 
capillary permeability is as yet unknown, but most of the recent experi- 
mental work has seemed to support the view that it is the result of the 
presence of some toxic substance Cannon believed that most of 
the harmful results of diminution in the blood volume are due to the 
reduction of the oxygen supply of the tissues If the reduction in the 
oxygen supply of the tissues is an important factor m the pathogenesis 
of shock, then it would seem that information of value might be obtained 
from a study of the oxygen content of venous blood in various portions 
of the body Such an investigation would ofter an opportunity for a 
comparative study of the extent of the utilization of oxygen in different 
parts of the body m various types of shock 

METHOD 

Dogs were used in all experiments Barbital was employed as an anesthetic 
in practically all instances The amount used was 0 3 Gm per kilogram of bodv 
weight The barbital was given m salt solution injected into the external jugular 
vein The effects of barbital alone were determined in many experiments at 
intervals varying from thirty minutes to sixteen and one-half hours after its 
administration After the anesthetic had become effective, a cannula was placed 
in either the carotid or femoral artery in order to determine the arterial pressure 
The level of the arterial pressure was used as an index of the degree of shock 
The pulse rate and temperature were also determined. 

The blood pressure was reduced to a low level, usually below 80 mm of 
mercury for the systolic pressure, by (1) hemorrhage, (2) the injection of 
histamine, (3) trauma to the intestines, (4) trauma to the cerebrum and (5) 
trauma to one of the legs ^Vhen shock was produced by hemorrhage alone, the 
amount to which the animal was bled usually laried from 3 to 3 5 per cent of 
Its bodj weight Histamine w-as given slowdy intrascnously until the blood pres- 
sure remained practicalh stationary at a low lei el The usual amount of hista- 
mine that was required was 4 mg per kilogram of body weight The cerebrum 
was traumatized bj digital pressure until a fall in the blood pressure resulted, 

* Submitted for publication. Sept 3, 1929 

■^From the Department of Surgerj, Vanderbilt Unnersip 
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after an opening had been made m the skull with a trephine and rongeur This 
npe of lnJur^ was usualK accompanied bj a moderate amount of hemorrhage 
The intestinal trauma consisted of pinching the intestine and of making tension 
on the mesentera It usualh required at least an hour to cause a marked reduc- 
tion in the blood pressure ba this method The leg was traumatized ba striking 
It mana times with a hammer in regions other than those occupied ba the mam 
artera and aein This procedure was frequentla supolemented ba aigorous mas- 
sage of the muscle Usualla, the femur and the skin aaere not broken 

Samples of blood were withdrawn for anahsis from the right side of the 
heart, the renal aem, the portal aein, the external jugular aein, the femoral aein 
and the femoral artera It aaas necessara to open the peritoneal caaitj in order 
to obtain blood from the portal and renal aeins In most of the experiments in 
aahich one leg aaas traumatized, samples of blood aaere obtained from both femoral 
aeins The blood aaas aaithdraaan under oil and placed under oil in order to 
aaoid contact aaith air Xo stasis aaas produced in the collection of the samples, 
and if ana difficulta aahateaer aaas encountered, the experiment aaas discarded 
Blood from the right side of the heart aaas obtained ba heart puncture, and all 
the other samples aaere obtained bj inserting a small needle attached to a saringe 
into the lumen of the aessel The blood gas analases aaere performed aaith the 
Van Shke-Xeill manometric apparatus 

The order in aahich the samples of blood aaere obtained in all the experiments 
aaas as folloaas (1) right heart, (2) portal aem, (3) femoral aein, (4) jugular 
vein, (5) renal aem and (6) femoral arterj Onij a short time elapsed betaaeen 
the obtaining of the different samples and during this interaal, m most experi- 
ments except the control ones, a quantitj of blood equal to that aahich had been 
aaithdraaan aaas allowed to run into the jugular aem from a buret 

It aaas not considered necessarj to perform control determinations in all the 
experiments in aahich shock aaas to be produced, since it aaas found m manj 
experiments that the aalues for the oxagen content ot the blood from the aarious 
aessels bore a surprisinglj constant relationship to one another In addition to 
this fact. It aaas desirable to produce the tape of shock m aahich aae aaere inter- 
ested aaithout haaing injured the aeins ba preaious punctures 

RESLiLTS 

Nineta-seaen series of determinations aaere performed on fitta-fiae 
dogs The results of fortj^-fia^e determinations on thirt 3 '-three dogs are 
recorded m the tables Jilost of the earlier experiments are not reported 
because blood aa^as obtained from three aeins onla and also because the 
sample of blood aaas not replaced ba an equal quantita of blood As aaas 
stated preaiousla, all the experiments aaere discarded in aahich there aaas 
ana difficulta m obtaining ana of the samples 

Since the blood in the right side of tlie heart is a mixture of the 
aenous blood from all parts of the boda the figure for this mixed 
aenoiis blood is more or less used as a standard with aahich the others 
are compared 

Conti ol Dctci luinaltoit ^ — The oxagen content of blood from the 
jiortal aem aaas usualla approximattla the same as that of blood from 
the right side of tiie heart tiie aaerage ot ail experiments shoaanig a 
shghtla loaaer content in blood trom the portal aem The oxagen con- 
tent ot blood ol the femoral aem aaas usualla defmitela loaaer than tint 
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of blood fiom the light side of the heait This difterence was usually 
greater the longei the animal had had barbital, and hence the longer it 
had been lying quietly on the table Blood from the external jugular 
vein usually had a slightly highei oxj^gen content than did that from 
the right side of the heait In all instances except two, in which they 
were approximately the same, the oxygen content of blood from the 
renal vein was higher than that of blood from the right side of the heart 
The average blood piessuie in these experiments was 165 systolic 
and 101 diastolic, the aveiage pulse late 159 per minute and the avei- 
age tempeiatuie 100 6 F The acceleiated pulse late was caused by 
the barbital The inteival of time elapsing between the administiation 
of barbital and the determinations vaiied from thirty minutes to sixteen 
and one-half hours The figuies for these expeiiments are lecorded 
111 table 1 

Table 1 — Conti ol Defenninations 


0\j gen Content, Volumes per Cent 


f 






\ 

Blood 







r\tcrnal 



Pres 

Pulse 

Tern 


El. 


For- 

Eein 

Jugu 


Pem 

sure, 

Bate 

per i 


pen- 

Eight 

tal 

onl 

lar 

Eenal 

oral 

Mm 

PCI 

turc, 


ment Ho irt 

Vein 

Vein 

Vein 

Vein 

Artery 

Hg 

Mm 

Fahr 

Ecmarls 

1 

13 08 

13 80 

15 24 

18 24 

15 72 

18 30 

172/121 

180 

101 4 

40 minutes after birbital 

2 

14 28 

17 04 

9o 

13 08 

17 04 

2112 

140/ 90 

ISO 

102 0 

I6V2 hours after babital 

3 

12 48 

12 0 

9 84 

1150 

13 44 


170/107 

174 

100 4 

50 minutes after baibita) 


13 8 

948 

13 02 

15 30 

13 2 

10 08 

181/100 

120 

100 4 

63 minutes after baibital 

5 

13 8 

10 32 

00 

13 08 

19 08 


140/124 

150 

102 

3>/4 hours after chloialose 

0 

17 01 

13 8 

ISO 

17 04 

18 90 

20 4 

100/ 92 

100 

102 0 

55 minutes after barbital 

Ecp 

10 8 

12 3 

1170 

17 4 

19 8 

20 88 

150/100 

175 

100 0 

4 hours after barbital 

7 

13 2 

13 44 

12 0 

14 4 

14 04 

10 44 

ISO/ 94 

175 

102 

30 minutes after barbital 

Hop 

13 OS 

10 78 

1212 

14 4 

1312 

10 32 

144/ 82 

150 

970 

3 hours 25 minutes after 









barbital 

Ecp 

11 4 

12 90 

0 48 

10 2 

14 28 

10 8 

132/ 78 

100 

97 

4% houis after barbital 

8 

5 28 

00 

5 70 

7 08 

5 52 

7 98 

ISO/ 98 

150 

101 4 

40 minutes afto*- barbital 










dog anemic 

Ecp 

4 08 

204 

4 34 

7 94 

5 04 


182/100 

144 

905 

4 houisi after barbital 

9 

14 4 

14 70 

7 92 

14 70 

17 04 


192/104 

100 

102 

2 hours 15 minutes after 










barbital 

10 

10 2 

1C 05 

13 2 

10 92 

17 10 


190/120 

100 

1010 

2 hours 25 minutes after 










barbital 

Aver 

ate 











12 88 

12 32 

10 08 

13 80 

14 54 

17 14 

103/101 

159 

100 0 



Hemouhage — ^When the blood pressure had been reduced to a low 
level by bleeding the animal, the oxygen content of blood from the por- 
tal vein was usually approximately the same as that of blood from the 
right side of the heart The oxygen content of blood from the femoral 
vein bore no constant relationship to that of blood from the light side 
of the heart The average figure for all experiments was slightly lower 
than a similar figure for the mixed venous blood The oxygen content 
of blood from the external jugular vein was also rather variable, the 
aierage figure being slightlj^ higher than that for blood from the right 
side of the heart The oxygen content of blood from the renal vein was 
highei in all instances than that of mixed venous blood 

The a\erage blood pressuie m these experiments was 58 systolic 
and 41 dnstohe, the a^erage pulse rate was 175 per minute and the aver- 
age temperature was 101 4 F 
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11k jwiiil nt nitcrc'-l in tlit'-c cxperinients iuk that the average 
lor tht \arHnis (klti niiintio,is bort appro\imatcK the ~anie -ela- 
tioiKliip to one inotlKi a'' did the nerage dittirt? tor tre control experi- 
iiKiit'' In liotli txpe*- oi cxpciiiiKiit'- the owgcn content u?s lonebt 
in blood o! the ltinoi.il \tin next iovtat in blood ot the portal 'leni 
next in blood ol the light bide ot the heart next m lAood ot the 
external jngul.ir \tin and highest in blood ot the renal tein This i" 
diown in cliart I 

The figmcs for the expcriincntb iinolung hemorrhage are gnen m 
table 2 The ateiagc highest and louest figures are shown graphicalh 
in chart 2 



Chart 1— The a\erage artenotenous differencj inte^^ 
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Table 2 — Effects of Hcnwn hagc 


Oxygen Content, Volumes per Cent 
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Chart 2 — Arteriovenous difference in oxygen content of blood in sliock fol- 
lowing hemorrhage In this and in subsequent charts, the lieatj blocks marked 
“Aterage” indicate the aterage arteriovenous difference in oxjgcn content, 
expressed in volumes per cent, for all cxiierimcnts of the tjpe under considera- 
tion The straight line marked “Highest’' indicates the greatest arteriovenous 
difference in anv one experiment, and the interrupted line marked lowest 
indicates the smallest difference in anv one experiment 

and that of blood from the external jugular and renal acms was alwa\‘< 
higher The most striking difference on comparing these experiments 
with the control experiments ind those w'lth hemorrhage w<is th.it tlie 
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0 x 3 gen content of the blood from the external jugular \em nas rela- 
tueh highei after injection of histamine 

The average blood pressure m these experiments was 52 sj'stolic and 
42 diastolic, the average pulse rate was 169 per minute and the a\erage 
temperature 99 5 F 

The results ot these experiments are given m table 3 and chait 3 
Tiauma to the Intestines — ^After the production ot a low blood 
pressure bj trauma to the intestines, the 0 x 3 gen content of blood fiom 
the portal ^eln w'as usuall 3 " much higher than that ot blood from the 
right side of the heart The values for the 0 x 3 gen of blood trom both 
the fenioial lein and the external jugular \em w'ere usualh shghth 

Table 3 — Effects of Histaimnc 
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low^er than that of the 0 x 3 gen of the mixed lenous blood The ox\gen 
content of blood from the renal \em was alwa 3 S dehniteh higher than 
that of blood from the right side of the heart The most striking obser- 
\ation in these experiments w'as the marked elevation of the 0 x 3 gen 
content of blood from the portal Aein as compared w ith that of the mixed 
\ enous blood 

The a\ erage blood pressure m these experiments w as 50 s\ stohe and 
34 diastolic the a\ erage jiulse rate was 177 pei minute and the a^ erage 
temperature 99 05 F 

The results of these experiineiits are to be seen in table 4 and chart 4 

Tiaunia to the Cctcbnuii — ^After a low blood pressure had been 
produced b\ trauma to the cerebrum, the ox\gen content of blood from 
the portal \em the femoraM cm and the jugular lein respectneh was 
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approximately the same as that of blood from the right side of the heait 
With one exception, the 0X3'gen content of blood from the lenal vein 
was definitely higher than that of the mixed venous blood The results 
in these experiments weie similai to those in the control experiments 
and in the expeiiments with hemorrhage The results aie also similar 
to those found after the injection of histamine, except for the variation 
in the oxygen content of blood from the external jugulai vein 



Chart 3 —Arteriovenous difference m oxygen content of blood m shock fol- 
lowing injection of histamine rurlher explanation of the chart is giicn under 
chart 2 

The aaerage blood piessure aias 65 S}stolic and SO diastolic, the 
a^elage pulse rate vas 163 and the aaerage temperature vas 100 4 F 
The results of these experiments are gnen m table 5, and the highest, 
lowest and aaerage figures for artcrioaenous diftcrcnce are shown in 

chart 5 







T \BLE 4 — Ejjccls of Tiauitia to lulcsfnics 
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Chart 4 \rteriot enous difference in oxtgen content ot blood in shock fol- 

lowing trauma to an intestine Further explanation ot the chart i= giten under 
chart 2 





Table 5 — Effects of Trauma to Coebium 
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Chart 5 —Arteriovenous difference in oxygen content of blood m shock fol 
lowing trauma to the cerebrum Further explanation is given under chart - 


Tiouina to One of the Postetiot £ When a low blood 

piessure had been produced by trauma to one of the postenoi extremi- 
ties, the ox>gen content of blood from the portal \cm was usuaM 
about 2 per cent b) volume higher than that of blood from the right 
side of the heart The oxygen content of blood from the femoral \ein 
of the nontraumatired leg vas usually lower than that of tic mi\e 
\cnuu'< blood vhile the content of blood from the traumati/ed side was 




T \BLE 6 — Effects of Tiattma to Leg 
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always consideiably higher The oxygen content of blood fiom the renal 
vein was alwa3^s higher than that of the mixed venous blood, while the 
content of blood from the external jugulai vein was usuall} about the 
same The most striking point in these experiments was the high con- 
tent of oxygen in blood from the femoial ^eln of the traumatized side 

The average blood pressure in these experiments was 58 si stolic and 
48 diastolic, the average pulse late ivas 129 pei minute and the average 
tempei ature was 97 F 

The lesults of these experiments are to be seen in table 6 and chart 6 

COMMENT 

The veins fioni which the samples of blood were withdiaivn were 
chosen with a definite point in view The portal vein allow^ed us to 
obtain blood which w^as returning from the intestinal tract It W’’as 
desirable to employ a vein w'hich collected blood from muscular tissue 
almost exclusively, and the femoral answered this purpose It would 
have been much more desirable to have used the internal jugular vein 
lather than the external, because we were interested in obtaining blood 
which was returning from the brain The inteinal jugulai lein was 
too small to aftord a sample of sufficient size for analysis The external 
jugular vein w^as chosen after inability to use the internal had been 
demonstrated, because some of the blood from the brain of the dog 
retmns to the heart by way of the former This is probably small in 
proportion to the total amount of blood in the vein The renal vein 
drains blood fiom a very essential organ and hence w^as chosen Blood 
was not obtained from the coronary sinus of the heart because this 
would have necessitated the opening of the thorax The veins leading 
from such organs as the suprarenal glands, the thyroid gland and the 
pancreas were too small to allow one to withdiaw blood without the 
production of stasis 

The oxj'^gen content of blood from the renal vein w^as higher in 
approximately all instances in all tj^pes of shock than that of blood from 
any of the other veins The blood flow through the kidney is norinallj" 
very great in proportion to its size, and the small arteriovenous differ- 
ence in oxj'gen content indicates that the blood flow through the kidne^'' 
m shock continues to be relatively large Severe shock is associated 
wnth an acidosis, and it is important that the flow of blood through the 
kidnej' should remain elevated as much as possible in order to eliminate 
the acid 

In the experiments in which a low blood pressure w^as produced Iw' 
the injection of histamine, the oxygen content of blood from the external 
jugular vein w'as unusually high If this single determination is omitted 
from the consideration for the moment, it is to be noted that there is a 
striking similaritv m the relationship between the ^alues of the ox\gcn 
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ahva^s consideiabh highci llic OMgcn content of blood fioin the renal 
vein AAas ahva}s highei than that of the mixed -icnons blood while the 
content of blood fiom the external jngulai \cm was iisnalK about the 
same The most sti iking point m these e\])enmcnts was the high con- 
tent of oxigen in blood fiom the lemoial \cin of the traiimati/ed side 

The aeerage blood pressuie in these experiments was 58 s\stohc and 
48 diastolic, the aeeiage pulse latc was 129 pei minute and the aeerage 
tempeiatuie w^as 97 F 

The lesults of these experiments are to be seen in table 6 and chart 6 

COMMENT 

The leins fiom wdiich the samples of blood wcie withdiawn were 
chosen wnth a definite point in new' The portal ACin allowed us to 
obtain blood wdiich w^as leturniiig from the intestinal tract It was 
desiiable to emplo)’^ a \ein which collected blood from muscular tissue 
almost exclusivel} and the femoral answ'ered this purpose It would 
ha^e been much more desiiable to ha\e used the inteioal jugulai eem 
lathei than the external, because w'e were inteiested in obtaining blood 
which w'as letuining fiom the biain The internal jugulai aciii w'as 
too small to afloid a sample of sufficient size for anahsis The external 
jugular vein w'as chosen aftei inabilitj to use the internal had been 
demoiistiated because some of the blood from the brain of the dog 
1 etui ns to the heait b} waj’- of the former This is probabh small m 
piopoition to the total amount of blood m the lein The renal ^eln 
diains blood fiom a veiy essential organ and hence w'as chosen Blood 
w'as not obtained fiom the coronarj'^ sinus of the heart because this 
w^ould have necessitated the opening of the thoiax The leins leading 
fiom such oigans as the supraienal glands the tlnroid gland and the 
pancreas w^ere too small to allow'^ one to wnthdiaw blood without the 
production of stasis 

The OX} gen content of blood fiom the renal vein was highei m 
approximate!} all instances in all t} pes of shock than that of blood from 
any of the other veins The blood flow thiough the kidne} is normall} 
lery great in proportion to its size, and the small arterioi enous differ- 
ence in OX} gen content indicates that the blood flow through the kidne} 
m shock continues to be relatneJv large Seiere shock is associated 
wuth an acidosis, and it is important that the flow of blood through the 
kidne} should remain eleiated as much as possible in order to eliminate 
the acid 

In the experiments in w Inch a low blood pressure w^as produced bi 
the injection of histamine, the ox}gen content of blood from the external 
jugular ^eln was unusuall} high If this single determination is omitted 
from the consideration for the moment, it is to be noted that there is a 
striking smnlant} in the relationship between the \alues of the oxjgen 
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content ot blood from the \arious Aems m the control experiments, and 
that bet\\een the \ allies of the owgen content of blood from these \ems 
m shock tollowing hemoirhage, the injection of histamine and brain 
trauma Ibis obseriation suggests that hemorrhage, histamine and 
biam trauma produce a fairh uniform diminution m the lolume ot 
the circulating blood m all parts of the bod} 

In the experiments imohing trauma to the intestines, it is found, on 
comparison of the oxigen content of blood from the portal \em and that 
ot blood from large areas of muscle i\ith the oxigen content of blood 
from the right side of the heart that the portal content is unusual!} 
high and that of blood from the muscle low In the experiments in 
w Inch one of the legs w as traumati?ed, the oxi gen content of blood from 
the femoral ^em of the injured extremit} had a high content of ox}gen 
while blood trom the opposite femoral ^eln and that from the external 
jugular Aem had a low content The ox}gen content of blood from 
the portal lein m these experiments was slight!} higher than 
that of blood from the right side of the heart, but not stnkingh so 
In summar} , it was found that blood from the traumatized area, whether 
it w as the intestinal tract or an extremit} , had an unusual!} high content 
of OX} gen These obsenations suggest that there w’as an accumulation 
ot blood in the area that w as traumatized and an unusual diminution in 
the amount of blood ui other areas, with the exception of organs such as 
the kidne} 

These experiments w ill hai e to be supplemented b} others of a dif- 
ferent nature before am final conclusions can be reached The results 
at present indicate, but do not proie that the mechanism which operates 
after trauma to a large area of the body such as the intestinal tract or 
an extremit} is different from that w'hich operates following hemor- 
rhage or the injection of histamine or trauma to the brain It w'ould 
seem that trauma to the intestinal tract or to an extremit} produces its 
effect by a local accumulation of blood and not b} an increase in capillar} 
permeability in the general circulation w ith a loss of fluid into the tissues 
such as IS attributed to histamine 

SUMMARY 

1 The oxygen content of blood from (1) the right side of the 
heart, (2) the portal rein, (3) the femoral rein, (4) the external jugu- 
lar vein, (5) the renal rein and (6) the femoral artery has been deter- 
mined in dogs to rvhich barbital had been giren for rarjing interrals of 
time 

2 Similar studies rrere made after a lorv blood pressure had been 
produced b} (1) hemorrhage, (2) the injection of histamine, (3) 
trauma to the intestinal tract, (4) trauma to the cerebrum and 
(5) trauma to one of the posterior extremities 
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3 In the contiol expeiiments, the 0 X 3 ^gen content of blood from the 
right side of the heart and that of blood from the portal vein were 
approximate^ the same, that of blood from the femoral vein was 
usually lower and that of blood fioni the external jugular vein slight!} 
highei The oxygen content of blood from the renal vein was usually 
definitely highei than that of the mixed venous blood 

4 Approximately the same relationship existed lietw'een the values 
of the oxygen content of blood fiom the vaiious sites aftei a low blood 
pressure had been produced by hemorrhage, by histamine and by 
trauma to the brain 

5 The oxygen content of blood from the poital vein was much 
higher relatively after tiauma to the intestines while that of blood from 
the extremities and head was low 

6 The oxygen content of blood from the femoial vein of a tiauma- 
tized leg was high, while that of blood from the opposite extremity and 
head was low 

7 The oxygen content of blood fioni the lenal vein was relatively 
high in all the experiments 

8 These observations suggest a local accumulation of blood at the 
site of trauma to a large aiea such as the intestinal tract or an extremity, 
and are evidence against the action of a histamine-like substance that 
pioduces a general bodily effect 
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n \LTIMORE 

Our object in this paper is to call attention to a surgical con- 
dition the origin ot \\hicli is obscure and the diagnosis of uhich is seldom 
made except at operation 

In 1908, one of us ^ ( J S D ) published a report ot a stud\ on 
primar} hemangiomas of the muscle with a reMew of the literature up 
to that time and added six hitherto unreported cases to the 147 cases 
tound in published reports We wish to add to this number ele\en new 
cases, and e ha\ e taken this opportunit 3 of re\ lew mg the literature of 
the past twent\ jears and of bringing the subject up to date Since 1908 
fort) -eight cases ha\e been added to the 153 gathered in the preMOus 
report, wnth wdiich the eleren cases to be outlined make a total ot 212 

In March 1843 Liston described the first case which he called an 
erectile tumoi in the popliteal space, and this was found to be an angioma 
of the semimembranosus muscle The earlier writers probabh con- 
sidered ca\ernous angiomas of the muscles as similar to true erectile 
tissue because the gross appearance is much alike and because under 
certain conditions angiomas also change m size In case 9 of our series 
the angioma changed in size during the phjsical examination The dif- 
ference w^as clearh made b) Rigaud when he stated that the ^arlatlon m 
size of angiomas is a passu e erectilit\ due to mechanical pressure of 
the blood stream, while the -lariation in true erectile tissue is actue erec- 
tihtv due to nen ous control 

In 1894, Muscatello made a careful stud) of these tumors duiding 
them into four -larieties according to their histologic structure In 1905 
Sutter, leporting a series of fortA-six cases including a reMew of the 
literature, stated that the r arieties described b) Muscatello w ere i arioush 
combined In 1908, one of us (T S D reported 153 cases, including 
SIX new cases In 1913, Colli - made a resume, reporting 164 cases 

* Submitted for publication, Feb 2, 1929 

*From the Surgical Department of the Johns Hopkins UnnersiU and 
Hospital 

1 DaMS, J S Pnmar\ Haemangiomata of Muscle, Bull Johns Hopkins 
Hosp 19 74 (March) 190S 

2 Colli, P Das primare '\ngiom der ^quergestrielten Muskeln Inaug 
Diss , Zurich 1913 
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Moiidoi and Huet,'^ in 1923, reviewed these tiimois, lepoiting 168 cases 
In 1925, 201 cases were lepoited, but this list included some angiomas 
piimary to tendon sheaths and some of the tongue of doubtful origin 
In this senes of 212 cases we have attempted to exclude all cases of 
doubtful oiigin 

Unfoitunately, we weie unable to secuie two reports, one by M 
Sei faty fiom South Ameiica and the othei by D M Sugano from 
Japan, they might have added other cases to the list 

DEFINITION 

Hemangioma of the muscle is a tumoi of moie or less extensne 
vasculaiity due to malfoimation and piolifeiation of the preexisting 
ressels of the muscle 

When using the teim, angioma, in this i^apei, we mean hemangioma 
of the muscle as distinct fi om lymphangioma Whether lymphangiomas 
evei originate in muscle is still a question, as up to the present no cases 
of pine lymphangiomas of voluntaiy muscle have been found Nevei- 
theless. It IS stated by some authois that all angiomas of the muscle aiise 
fiom lymphangiomas, and that the blood is secondaiy to lymph Undei 
this heading fall the so-called hematolymphangiomas which aie desciibed 
by Monzaido, Ritschl and Lucke 

The tumoi may be a simple pioliferation of the preexisting vessels 
in a certain district of the \ascular network of the muscle, forming a 
simple angioma The existence of a simple angioma is also questioned 
by some authois who believe that it may be a simple h}peitiophy of the 
lessels without any neoplastic tendency 

It IS piobably best to look on simple angiomas as a stage in the 
growth of these tumoi s towaid the cavernous type In his study, Suttei 
found these types combined, indicating that theie may be stages in the 
growth Colli ^ stated that the ca\ernous type was the only one appeal- 
ing in the muscles 

ETIOLOGY 

Numerous theories have been advanced as to the etiology of these 
tumors According to Virchow, the angioma has its base as a priinari 
dilatation and proliferation of already existing vessels, the changes 
occurring by way of diseased processes of the vasa vasorum in a definite 
vasculai aiea The cavernous spaces gradually develop through a hypei- 
plasia of the walls of the vessels and a gradual disappearance of the 
intermediary tissue, which atrophies, thus forming a union between 
individual caiities 

Rindfleisch and Rokitanski assumed that angiomas arise from con- 
nectne tissue tumors independent of the vascular sjstem and form a 

3 Mondor, H, and Huet, P Angiomes musculaircs, J de chir 21 423 
(Vpril) 1923 



DUlS-kUL0USkI—HEM4\GI0MAS OF MLSCLL 


41 


connection with the c easels in a secondare wae Rokitanski at first 
asciilied caicinonntous qualities to tungus hematodes hut later stated 
that thee eeeie benign 

Pil/cr ofiered the lollowing explanation Through rupture of a 
eessel a hematoma eeas tormed m the surrounding tissue eeliich eeas not 
absorbed and eehich acted as an iriitant to the neighboring connectiee 
ti'-sue the cells ot eehich then formed the so-called endothelial laeer 
He tried to explain the failure of absorption be a congenital disturbance 
ot deeclopment m a definite area of tissue 

Honsell mclined toeeard the idea of eascular fibromas ^lonzardo 
expressed the belief that increased eascular tension m the seat ot the 
tumor eeas the cause Riethus \\'ardrop, Torge/ ^londor and Huet,“ 
Serfate “ and others eeere inclined to the theore that the tumors eeere 
congenital anomalies 

Sutter behee ed that angiomas are probable primarile congenital nial- 
toimations in the eessels eehich mae be noted onle in later eears and 
that obstruction to drainage due to prohteration of the coats ot the 
eessel eealls and damming of the floee, caused the formation of the 
eenous and caeernous spaces 

We behee e that these tumors originate in a congenital anomale ee ith 
trauma as a secondarj^ factor causing their groeeth The congenital 
anlage is aleeaes limited to a certain district of the eascular neteeork 
The size of these tumors earies so much that it is ease to conceiee some 
so small that they are neeer disturbed be trauma and are carried through 
life unnoticed This brings up the question of multiplicite and it is 
interesting to note that m the 212 cases collected there are onle, three 
cases reported ( Lichtenauer, Reboul, Poucele) 

The factor eeduch causes the groeeth of these areas, probable trauma, 
ma} enter at an}' time Some are alreade groeeing at birth, and others do 
not begin groee th until some time later In the case reported be Baum- 
gartner ® (11, table 1) the tumor eeas present from eouth and did not 
groee" rapidlj until the patient ee as more than 60 

Trauma can be earied The moeements of the muscle itselt can be 
irritant, stimulating the groee"th Infections may cause an inflammatore 
reaction ee'hich m turn may stimulate the tumor groee-th Gueot and 
Jeannenej ' reported an angioma in the soleus and peroneus muscles after 
a mild attack of grip (77, table 1) The application of casts ma} cause 

4 Jorge J M Sobre el angioma difuso de los musculos eoluntanos, Re\ 
'X.soc med argent 23 1448, 1915 

5 Serfan M Angioma mixamatoso del musculo biceps del brazo dereebo 
Semana med 27 888, 1920 

6 Baumgartner, H Zur Kenntnis des Haemangioma carernosum linguae, 
Scinieiz med ^^'■ch^scb^ 55 1030, 1925 

7 Gujot, E, and Jeannene^, A. Angiome musculaire primitii de la brage 
externe de la jambe, pathogenie J de med de Bordeaux 94 564 (Sept 10) 1922 
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the giowth to begin, as in Fnrnau’s ® case (63, table 1) Birth tiauma, 
blows, falls, etc , may also be causative agents 


SYMPTOMS 

R unchonal oi Subjective — Pam can piobably be considered the chief 
symptom, because it is the one that usually causes the patient to seek 
tieatment In oui summary of cases we find that pain was repoited in 
100 of the 123 cases in which there is a definte note on the presence oi 
cilisence of pain Benard and Lamy *' believed that pain was a diagnostic 
aid and thought that the wmid doloieux should be added to the name 
of these tuniois We know, howerei, that pain can be entiiely absent 
even when the tiimoi has been piesent foi a long peiiod of time, as in the 
cases of Gold (69, table 1) and of Gorse^^ (72, table 1) in both of 
which theie was no pain aftei sixteen yeais In om new series of 
eleven cases, nine gave a histoi)'^ of pain, and in the six cases pieviouslv 
lepoited by one of us (J S D ) five had pain 

Pam IS caused eithei by piessuie of the tumoi on a neive trunk oi 
by involvement of a iieive m the tumoi itself The situation of the 
tumoi with legal d to the sensoiy neives determines the appeal ance and 
the intensity of the pain The angiomas of the long nairow muscles find 
It difficult to spiead without exerting piessuie on some neive bianch, 
while the wide flat muscles of the neck oi tuink offei a gieatei field of 
expansion before piessure on sensoiy neives occurs Eleven of the 
twenty -three lepoiting the alisence of pain in the 212 cases occuiied in 
the muscles of the head and tiunk, although the muscles of the extremi- 
ties were involved in almost twice as many cases 

Mechanical functioning of the musculature and the postuie of the 
patient also play a idle in causing pain There may be no pain when a 
muscle IS at lest, but when the muscle thickens in contractuie, theie is 
piessuie on a neive, as in the cases lepoited by Mondoi and Hnet 
(119, table 1) and by Diedoft (51, table 1) Also, there may be no 
23 ain when a patient is lying down , howevei , when the patient is up oi 
walking the pain may appeal , as in case 4 The application of a cast mav 
cause sufficient piessure to bi mg pain, as a case reported by Furnau ® 

( 63, tabic 1 ) and case 7 show 

8 rurnau, F Beitrag zur Klinik dcr pnm.ircn Aluskelangiome, Arch f klin 
Chir 131 495 ’(Sept 23) 1924 

9 Benard, E , and Lamv , J Angioines profonds douloureux dcs mcmbrc';, 
Pressc med 17 907 (Dec ) 1909 

10 Gold, E Zur Klinik und Histologic der Hacmangiome dcr Skclcttmuskii- 
Htur, Deutsche Ztschr f Chir 181 74 ( ^ug ) 1923 

11 Gorsc P Dcs angiomes intr i-musculaires. Rev de chir 46 S3 (Jiih) 

1912 , 

12 Diedoff, V Rare Case of Angioma in the Flexor Carpi Radialis, Kliirur- 

Mosk 26 556 1909 
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The inclusion ot ner\es in the tumor caused pain m some cases In 
then cases Benard and Lam} ® demonstrated ner\e fibers m the 
penphen of the tumors, Kirmisson found a nene encased in the 
tumoi Ihc nene fibeis houertr, aie resistant and microscopical]} 
were normal in all the cases, e\en when the muscle tissue shoi\ed 
atroph\ Remoral of the tumor caused the pain to disappear, demon- 
stiating that there was no lesion m the nerre itself but that inclusion or 
presbUie caused the disturbance 

Pam mar be localized orer the tumoi or it mar be diffuse, it also 
raries m duration and intensit} Kirmisson (93, table 1) reported 
that 111 his case the pain rras localized orer the tumor and rras so serere 
that the mass could not be palpated except under an anesthetic Mondor 
and Huet “ (117, table 1) reported a case in rr'hich the pain rvas localized 
Orel a point in the lorrer part ot the abdomen ther performed an opera- 
tion for pelric inflammatoi} disease through a midline incision They 
found that there rras no lesion m the pelris, so a second incision rras 
made orer the painful area and an angioma rras found in the rectus 
muscle Gu}ot and Jeannener ' (77, table 1) reported a case m rrhich 
the rrhole leg rvas painful In a number of cases the pain rvas spon- 
taneous, persisted for a time and then disappeared In others it appeared 
as a constant ser ere pain and then disappeared for a time, only to reap- 
l>ear In a case leported b} Gurot and Teannener pain appeared after 
an attack of grip Phleboliths ma} cause pain, as in the case reported 
hr ^Vakele} (197, table 1) in rvhich painful nodules rrere palpated 
Then again pain ma} be entirel} absent eren rrhen a nerre is found in the 
tumor, as m the case reported by de Busscher (30, table 1) 

According to the consensus of opinion the chief characteristic of 
pain in these tumors, rvhen it is present, is that it is spontaneous m mam 
cases Hemangiomas cause pain passirel}, that is through mechanical 
action, if that action does not happen to affect some adjacent nerre, 
there rvill be no pain 

Besides pain angiomas mav cause numbness or formication heating 
and burning, or pricking ’Wakele} (197 table 1) reported itching 
more severe at night Magnon fl06, table 1) reported numbness fol- 
lorved br heat and burning 

The third subjectire s}mptom is the impairment of function 
In foitr-seren cases there rvas some impairment of function, ranging 
flora a slight limitation of motion to deformities of the extremities rvith 

13 Kirmisson M E Des angiomes profonds douloureux des membres, Bull 
\cad de med , Pans 71 849 (lune) 1914 

14 Wakele^, C P Calcification in A.ngiomata, Arch Radiol &. Electroth 
25 363 (Mar) 1921 

15 De Busscher L A propos d’un cas d’angiomi lolumineux du bras, Bull 
Soc de med de Gand 76 4o 1909 
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an almost complete loss of function Causes foi the impanment of 
function aie pain, the giowth of the tumoi m the muscle and the size 
of the tumoi mass which pi events a gioup of muscles fiom functioning 
noi mally 

Case 4 illustiates the loss of function because of pain The iiatient 
was unable to peifoim hei woik because of pain and tingling m the 
fingeis One can leadily see fiom the piecedmg paiagiaphs that pain 
can cause functional impanment 

The giowth of the tumoi m a muscle causes dcstiiiction of the muscle 
tissue and replacement by tumoi tissue and fat The conti actile elements 
of a muscle aie destioyed and it loses its function, with the lesulting loss 
of function of that pait of the bod)' In case 2 the tumoi had invaded 
the muscles of the calf, causing shoitcning and a maiked defoimity 
of the leg with loss of function In the case lepoited by Joige ‘ 
(85, table 1) theie was a giadual loss of function as the tumoi involved 
the muscles of the foieaim In oui senes, thiity-seven cases weie 
lepoited 111 which theie was some impanment of function, and all of 
these cases occuiied in the uppei oi lowei extiemities, in othei woids, 
thiity-seven of 138 patients had functional impaiiments Tliese tumoi s 
assume a malignant aspect when one consideis that they inevitably teiini- 
nate m the loss of function oi in the saciifice of an eNtiemity if piopei 
tieatment is not earned out at an eaily stage 

The size of the tumoi can also impede the function of adjacent 
muscles In the case of Fiitzsche (61, table 1), the mass was the size 
of a small pumpkin, situated in the semimembianosus and semi- 
tendinosus muscles and impaned the function, causing a hmp Suttei 
(180, table 1) reported a tumoi the size of a goose egg in the supinatoi 
longus muscle which inteifeied with the motion of the elbow In the 
case lepoited by Honsell (82, table 1) the tumoi was the size of the 
head of a fetus and caused conti actuie of the leg 

Intel feience with function always comes late, and usually so much 
damage has been done that opeiative measuies meiely pieient fuithei 
defoimity and fuither impanment of use 

Physical oi Objective Symptom '! — The objectne symptoms aic those 
which lead to the diagnosis of musculai angioma Swelling is leally the 
only objective symptom The amount of swelling vanes gieatli Jlieie 
may be no palpable mass, due to the situation of the tumor in the 
deep inusculatui e, oi it may be so small that it is seen oiil) when it is 
cut down on The size langes fiom that of a nut to that of a small 
pumpkin The tumoi is not tendei m itself, and if tenderness oi pain 
IS present, it is due to the proximit) to sensoi) nenes, as was^picnousl) 
mentioned Occasional!) , the tumoi is found at aiitopsi (37, t.ible 1), 
no s)mptoms having been complained of during life Sometimes the 
growth IS discoiered during an opeiation for some other condition as in 
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O'-c table 1 ( DaMs) in windi the tiimoi was found in a child during 
an opcialinn lor \arRO'-e \cin‘: 

It IS well to icpcat the suggestion made b\ one of us (J S D 
tliat a \ain.ose condition ot \cins of leg m children can be caused be 
in intrioim ot the muscle and the tiimoi itself not be dlsco^erable be 
swelling oi an\ othei sMiiptoms, and onh demonstrable b\ operation” 

DI \G\OSIS 

Ihe diagnosis of these tumors is difficult because of the mdefimteness 
of the semptorns One should alwaes take into account the fact that an 
angioma oiiginating m a muscle \aries gieath m size and that it can be 
situated m a deep muscle as well as m a superficial one — all of which 
makes the SMiiptoms \are 

The diagnosis, until recenth, was seldom made before operation, the 
comparatne rant} and the depth of tumor being the principal reasons 
for the difficult} Now it is recognized more often than formerh In 
the 212 cases collected, onh eighteen correct diagnoses were made before 
operation The tumor can appear m an} aoluntar} muscle Examina- 
tion therefore, will re\eal a tumor of distinct size which, when it is 
Msible will become more prominent bv contraction of the muscle in 
w Inch It is situated Case 5 illustrates this point At this same exami- 
nation neM or am other manifestations of the skin will be disco\ered 
XcM can accompan^ angiomas of the muscle, but their presence is mereh 
accidental The skin OAer the tumor is usually loose and freel} mo^able 
however, it ma} be tense and shin} due to stretching oier a rapidh 
grownng tumor It can also be bluish, due to the closeness of a tumor 
to the suiface or to the lUAasion b} the growth (Zampa,^® 201, table 1) 
The 1 essels in the skin ma} be dilated This dilation may range from a 
few enlarged lenules to Aaricose veins In the later case, one must be 
cautious in making tlie diagnosis since the skin of the subcutaneous tissue 
might just as w'ell be the region of origin of the neoformation In a 
case reported by Kolaczek (98, table 1) and in other observations of 
his reported m the literature, it was a matter of diftuse angioma of rapid 
grow'th, in which the skin show'ed intense, strandlike enlargements of 
the leins of the skin, which he interpreted as a compensating process for 
the compression of deeper ^eIns b} the tumor In this case the \eins 
reached the point of i arices, wdiile in the case reported b} Colli - 
(33, table 1) there was no more than an enlarged network of reins 
MSible thiough the skin In other cases, the skin wall be entire!} normal 

Palpation again offers difficulties Occasional , there is pulsation m 
the earl} stage, as in Listons case (103, table 1), Matsuaka (130, 

16 Zampa G Emangioma carernoso diffuse dei muscoh stnati, Polidmico 
(Sect Surg) 32 40 (Jan 15) 1925 
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table 1, quoted by Nagatomi) lepoited a case of pulsation in the later 
stage This pulsation may possibly be tiansmitted fiom a neighboring 
aiteiy Theie may be souffle also, but these aie uncommon phenomena 
m angiomas of the muscles Palpation shows the tumoi to be of vary- 
ing consistency, geneially soft, at times with nuclei or moie consistent 
portions, which may be extremely hard Maigaiucci (110, table 1) 
repoited a case with an ossified center Wakeley “ (198, table 1) 
lepoited movable haid aieas m a tumoi which turned out to be 
phleboliths The consistency of the tumoi also changes with the con- 
tractions of the muscle Detei mining the natuie of the suiface of 

tumors deeply located is not always an easy mattei In the leported 
cases the numbei having a smooth legulai suiface is equal to that of 
tumors of the opposite description In most cases theie is no distinct 
boundaiy, even the circumscribed angiomas usually show a gradual 
transition into the suriounding tissues The tumoi may be movable 
laterally when the muscle is at rest It may be smooth, oi there may be 
lobulations Often the tumoi is leducible but usually only partially, 
making it impossible to detei mine whethei it is ciicumsciibed or diffuse 
with vaiious lobulations and with distinct limits Magon’s case (106, 
table 1) was completely leducible, Davis’ case (40, table 1) was partially 
reducible, and Nagatomi’s case (129, table 1) was not leducible 
Ordinarily, these tumoi s cannot be completely i educed The size of the 
tumor may also be i educed by raising the extiemity on which it is situ- 
ated 01 by obstiuctmg the circulation of the segment In the case 
leported by Stiauch (175, table 1) a bandage was placed tightly about 
the neck causing the tumoi to swell appieciably, seveial houis aftei the 
lemoval of the piessuie it letuined to its former size 

Compressibility has long been considered a valuable diagnostic 
point It IS not always present and when found cannot be absolutely 
depended on To every eighteen patients showing this symptom there 
were twenty-thiee who stated express^ that it was absent It is found 
chiefly in those angiomas of the muscles the liquid content of which can 
find its way into the veins Fluctuation is occasionally found, but it is 
of no diagnostic value and is usually incoiiectly inteipreted A chai- 
acteiistic symptom, helpful in diagnosis, is the piesence of phleboliths 
Wakeley made the diagnosis fiom an x-iay pictuie showing phleboliths 
They aie formed by calcification of oiganized thrombi and mai be 
present at aii)^ age They occiii in the cai ernous spaces as well as in the 
\eins Sometimes, if theie is not too much connective tissue, these con- 
cietions are palpable Many aie so small that they aie detected only 
by loentgen examination Care must be taken to observe closely the 
shape of the shadows since only circular or oval shadows ranging from 
the size of a millet seed to that of a pea are charactei istic In Mali ii s 
case (107 table 1) the shadow was so close to the bone that the diag- 
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no‘'ib ot tunioi of the bone was made In the thirt} -three cases m which 
plilehohths were tound m the tumor sixteen were found b} roentgen 
cxamnntion and sc\cnteen were disco\ered in the examination of the 
growth alter iemo\al Detormit\ and loss of function due to mus- 
cular angnonns hace alrcad\ been discussed and these factors should 
ilwa\s be borne m mind when the diagnosis is being considered in 
obscure cases Exploratorc puncture is used frequentl} as a means of 
diagnosis It would seem logical to diagnose a neoformation as an 
angioma w ben a puncture a lelds normal blood and the tumor regains its 
original size in a short time Some authors sac that cat ernous angiomas 
ha^e been obser\ed to increase in size at puberty Another semptom 
which nia\ aid m the diagnosis is excessue growth of the entire aftected 
limb occasionalh amounting to actual h\ pertrophe 

DirFERENTICL DICGNOSIS 

The following neotormations and diseases must be taken into con- 
sideration and differentiated from hemangiomas lipoma sarcoma 
fibroma hematoma primarc carcinoma of the muscle, dermoid cist 
hemangiomatous elephantiasis, siphiloma, chronic miositis tuberculous 
miositis, miositis ossificans, Indatid cists hernia of the muscle and 
hernia of the lung 

Angioma of the muscle is most frequentli diagnosed lipoma because 
of Its soft lobulated structure, slow growth and the frequent lack of pain 
both spontaneous!} and on pressure Careful examination will usualli 
determine ivhether or not the growth is in the muscle, which fact will 
eliminate all lipomas excepting those primar} to muscle, which are rare 
Primar} sarcoma of the muscle is exceeding!} rare also howe\er 
the intermuscular sarcoma arising in the connectne tissue between the 
muscle bundles must be considered Explorator} incision wall repeal the 
characteristic pathologic changes and the diagnosis can be made 
Fibromas of the muscle have well defined borders, grow rapidh and 
are hard , neurofibromas are similar In the collected cases, the condi- 
tion was diagnosed fibroma or neurofibroma in nine, depending on the 
presence or absence of pain Dermoid c\sts are nerer found m the 
muscle of the extremities H}datid cists will iield a clear }ellow 
fluid and the characteristic booklets can often be found microscopical!} 
S}philoma and tubercular m}ositis can usualh be excluded bi careful 
physical examination and laborator} tests S}philoma waif clear up 
under antis} philitic treatment In tuberculous nnositis an explorator} 
puncture will show' thin serous fluid wath caseous detritus The condi- 
tion in tivehe cases was diagnosed as cold abscesses or tuberculosis m 
the series of cases collected Piaman carcinoma of the muscle has 
nei er, to our know ledge, been found and metastases can be eliminated b\ 
the absence of a priman growth Chronic m}ositis and miositis 
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ossificans should offei no difficulties In chionic myositis the swelling 
IS extieinely haul with a histoiy of long continued piessuie oi tiauina 
In myositis ossificans theie is bone foimation, and the x-iay pictuie 
will establish the diagnosis Hematoma can be eliminated by exploia- 
tory punctuie, since it will yield daik blood if aspiiated eaily, and seium 
if aspiiated latei, but nevei noimal blood, and it will not leturn to its 
oiiginal size aftei it is once aspiiated Theie is also a histoiy of leceiit 
injuiy Tleinia of the muscle changes size with the contiaction oi 
lelaxation of the muscle, and a vent can usually be felt in the fascia 
Hernia of the lung is laie and, of course, is found only on the wall of 
the chest Oidinaiily, it can easily be i educed, and the x-iay picture will 
establish the diagnosis 

Sometimes it is necessaiy, even aftei excision of small atypical 
angiomas of the muscle, to examine the giowth mici oscopicall}^ befoie a 
final diagnosis can be made 

PATHOLOGIC CHANGES 

Angioifias are considered benign tumors, although they have some 
characteiistics which indicate a malignant tendency They aie always 
piogressmg They infiltrate the muscle, which is the seat of oiigin, then 
extend to neighboiing muscles, and soon penetiate the aponeurosis and 
othei tissues until they leach the bones, which they may also invade 
Their giowth is not by expansion, as in the majoiity of benign tumois, 
but by infiltiation An angioma does not foice back the tissues which 
sui round it but infiltiates the adjacent tissue by small endothelial 
germs, which later give use to the foimation of capillaiies The intei- 
stitial connective tissue is invaded by endothelial cells foiming cap’h 
lanes, which destioy the muscle and give place to the fenestiated tissue 
which chaiactenzes angioma of the muscle The dc\elopment is pio- 
duced not by monocentiic but by multiceiitiic prolifeiation Fioin the 
penpheiy the angioma increases and radiates in different diiectioiis 
The invasion is by continuity, a chaiacteiistic of malignant tumois It 
IS a question whether metastases occui The appeal ance of metastatic 
foimations, howe\ei, which have been cited by Konjetzni,'^ Walls, 
Billioth and others, is so cxtiemely lare that the question arises whethei 
the)" ai e angiomatous metastases or angiomatous tumoi s of another type 

The e\olution of these angiomas in situ is serious, foi the tians- 
foi Illations and degeiieiations which othei angiomas tincleigo and whicli 
interfere with their invasion aie not observed in niusculai angiomas 

Aluscular angiomas sometimes cause thrombosis of the \cssels 
fVianney, 193, table 1) and cause profuse hemorrhages from tlic tumor, 
but if no comniunication exists with a large vessel, the flow of liloocl is 
sloM, like the usual circulation in angiomas in general 

17 Konjct/ni, G E Ziir Pitliolopic der AnRiomc, Miinclicn mcd Wclinsclir 
59 241, 1912 
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Sonic authors hare described angiomas which hare undergone 
nnhgnant degeneration and others hare reported cases ot angiomas 
rrhich hare undeigone suppuration after an mtercurrent maladr 

I he cla>^‘;ificatiou as prcriouslr giren hr one ot us (T S D^) is 
piohahlr as satisfactorr as anr and follorrs 


Simple 

CnpiIInrr 


Circumscribed 

Rare 

or 

^ LllOlIb 

Rare 



reluigicctatic 

Vrlernl 


or 


Cai ernous 


^[orc irequent 

Diffuse 

Common 


Often, horrcrer, all the dirisions ot simple angiomas together rrith 
the carernous trpe are found m the same tumor m difterent areas The 
existence ot the simple angioma is also questioned hr some authors, rrho 
behere that simple angioma is onlr a stage m the derelopment ot 
carernous angiomas 

We shall confine oursclres to the caremous trpe 

The gross specimen looks much like a muscle containing rancose 
reins The thin-rr ailed car eriious spaces appear bluish as ther protrude 
betrr een the muscle fibers The mass is more or less compressible On 
section the tissue is red or reddish brorrn and gires the impression of a 
sponge filled rr ith blood The densitr depends on the amount of fibrous 
connectire tissue If the connectire tissue is dense, then it mil hare 
the appearance of a fibrous tumor If the connectire tissue is loose, the 
blood filled spaces mil be prominent and mil gire the appearance of a 
mass ot rancose reins rrhich hare been cut across Sometimes the res- 
sels rvill stand out on the cut surface like small stems, tlie connectire 
tissue haring retracted The muscle fibers mar be unchanged or appear 
in difterent stages of degeneration There mar be areas of fat There 
IS an increase m the intermuscular fibrous tissue The tendons and 
nerre trunks are rarelr affected, and the large arteries are usuallr 
normal Microscopicall> , carernous angiomas are composed almost 
exclusirelr of blood filled lacunae limited br connectire tissue septums 
rvhich are often incomplete In some of the lacunae the blood coagu- 
lates, forming clumps of fibrin rrhich at times seems adherent to the 
rvall, and at other times almost completely separated, being connected to 
the endothelial rrall bj a pedicle of fibrin In these fibrinous masses 
neoformations appear rrhich terminate m the formation of capillanes 
rvhich distribute them m rarious directions In some of the lacunae 
many red cells and a ferv rrhite cells are seen In others the number of 
rvhite cells increases considerabh , so that some authors har e considered 
these spaces as Ijmph spaces 

In some angiomas there are deposits of calcareous salts rrhich are 
surrounded br periodic desquamation of endothelium, producing con- 
cretions rrith concentric cellular larers 
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ARCHIVES OF SURGERY 


The caveinous spaces aie of diffeient sizes and forms They aie 
foimed by the dilatation and fusion of the capillaiies They may be 
lined with endothelium and contain blood, or the lining may appeal to be 
absent and the blood be in direct contact with the connective tissue and 
smooth muscle sunounding them Aiound the spaces is a framewoik of 
connective tissue and smooth muscle cai lying arteiies and \eins 

The connective tissue forms the framewoik of the tumor, causing 
lariations in the spaces The paititions of connective tissue aie thick if 
there is an abundance of connective tissue piesent and thin if it is scant 
The partitions are usually covered with endothelium and some aie so 
thin that the endothelium is practically back to back In places the 
partitions do not reach across the spaces foiming what Verneuil called 
angiomatous valves These formations seem to depend on the prolifera- 
tion of the connective tissue and not on atiophy of pieexisting tissue due 
to pressure of the blood 

Muscatello thought that the connective tissue oiiginated from the 
perimysium, while Reclus and Magitot believed that it came from the 
adventitia of the aiterioles and veins Kaiyokinesis is occasionally seen 
in the nuclei of the connective tissue cells Elastic tissue is seen through- 
out the tumor when proper staining is done 

Sometimes one sees cellulo-fatty tissue enclosing remnants of dam- 
aged muscle fibers Sometimes the connective tissue is loose with a 
quantity of capillaries inteimingled with muscle fibeis of noimal 
appearance 

The connective tissue is generally found with few cellulai elements, 
but sometimes the cells are seen grouped with a great numbei of leuko- 
cytes, giving the impression of lymphoid formations 

In these tumors alterations appear m the arteiial walls making them 
thicker especially than those of smaller calibei This thickening is due 
to the proliferation of endothelial cells often arranged in rows There 
may also be a proliferation so active as to produce a complete obstruction 
of the lumen of the vessel The other layers aie also hypeitrophied 
Sometimes theie is a thickening of the middle tunic, and at othei times 
the adventitia is greatly enlarged 

The capillaries are most important Each capillai} lias a wall of its 
own, which mav be foimed of endothelium alone or may be almost 
arteriahzed Instead of a single layei of endothelium theie may be two 
or three layers The lumen vanes in size Accoiding to Muscatello, the 
capillaiies proliferate, and buds aie sometimes seen coming from 
the walls Sutter said that these capillaries dilate, fuse and foi m the 
Ccuernous spaces Rigaiid said, bower er, that the number of capillaries 
alwars remains the same and that the lacunae are formed In dilatation 
and nerer In fusion 

The majoritr of authors are of the opinion that the reins are often 
absent and rrhen ther do eMst are scarce and hare no special chanic- 



DAJIS-KITLOUSKI—HEMAKGIOUAS OF Mb SOLE 


63 


tenstics Benard and Lam} stated tliat % eins do participate and present 
artenalization of their nails Nen ressels are formed nith the structure 
of reins The nails mar be thickened or dilated and atrophied The 
dilated ressel mar form the iriegular renous space carities rrhich are 
probabh the result of obstruction In spite of careful inr estigation 
(Bajardi, Riethus and others), satellite reins of large arteries hare not 
been found 

Nerre fibrils and sometimes a large neire are found in tlie tumor, 
horrerer these are simple enclosures of normal nerres rrhich resist 
destruction much better than do the muscle fibers 

jMuscatello and Sutter described smooth muscle fibers, probabh of 
rascular origin, as though the renous rralls, on the disappearance of the 
ressel, left part of the middle tunic betrreen the connectire tissue sui- 
faces It predominates m some places, and manr authors behere that 
it originates from the muscular coats ot both artenoles and r eins 

The muscle itself presents changes of different natures In some areas 
it retains its normal aspect rr ith clear striations and rr ell stained nuclei 
In other areas it appears as bands of uniform color, staining rrithout its 
structural design At times fatt} degeneration is seen Riethus and 
Ritschl beher ed that the f attr tissue inr aded the muscle causing degen- 
eration Sutter beher ed that the fat rras the result of muscle degenera- 
tion This interpretation is the correct one as it is a rrell established fact 
that fat replaces anr degenerated highh specialized tissue 

Angiomas hare also been described rrhich are surrounded br an 
enrelop or capsule of connectire tissue rrhich Charpenar called circum- 
scribed angiomas 

TRE rxriENT 

Various treatments hare been tried for the cure ot angiomas of the 
muscle Local applications, the insertion of setons, magnesium darts and 
irorr pegs, hare been tried rrith little success The injection of rarious 
trpes of cauterizing fluids, to bring about atroph} of the blood spaces 
through the formation of scar tissue bj aseptic inflammation has failed 
Other liquids hare been injected to cause coagulation of the blood m the 
tumor, but these hare also been of little ralue The substances used 
included boiling rrater, nitric acid, alcohol, tannic acid tincture of 
iodine, lead acetate, ammonia, perchlonde of iron and the chloride of 
lime In some cases the result has been fatal , in others abscesses har e 
formed and sloughing has occurred Cauterization br means of the 
Paquelm cauterr^ has been used to induce more rapid coagulation 
Wharton^® (200) cured an angioma rrith the galranic cauterr 
aftei sereral months of treatment Heide reported a case m rrhich the 

IS Wharton H R Extensue A.ngioma of the Upper Extremin, Tr 
Philadelphia ■Tcad Surg 1911 aol 13 
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patient was tieated by electrolysis with satisfactoi} lesults He used a 
CLinent of fiom 30 to 40 milliampeies for thiee oi foui minutes at each 
treatment over a long period of time Treatments with the loentgen 
rays and radium have been tiied with some success The diagnosis in 
these cases, however, is always questionable unless it is veiified by an 
exploratoiy opeiation The method offering the best result is excision oi 
at least paitial excision In the case of ciicumsciibed oi well limited 
angiomas, excision of the tumoi itself will suffice In diffuse angiomas 
it IS necessaiy to remove the tumoi with a good maigin of healthy muscle 
around it in oidei to msuie a peimanent cine This pioceduie is rela- 
tively easy when the tumoi is small, but it piesents gieat difficulties m 
the laiger tumors which involve a considerable portion of an impoitant 
muscle or gioup of muscles In these instances various tieatments 
may be emplo}'ed in the effoit to save the affected limb fiom amputation 
Compiession of the angioma, ligation of the arteiies which nouiish the 
tumoi and tieatments with ladium or the loentgen lays can be tried 
Partial or complete long continued compiession of the angioma has not 
been satisfactoiy, and ligation of the nourishing vessels is, one can easily 
see, difficult if not entiiely impossible without injuring the affected 
extremity as theie is larely a single afferent vessel Radium seeds 
buried in the tumor and deep loentgen treatment piomise the best results 
and may reduce the angioma so that it can be lemoved latei If these 
methods fail, amputation can be done It is also advisable to amputate 
in those instances in which the tumor has damaged the exti emity so much 
that It would be useless even if the whole tumor weie removed 

PROGNOSIS 

The piognosis as to life is excellent The majoiitv of angiomas of 
the muscle aie benign The tendency to invasion is the seiious featuie 
of these tumois and eaily opeiative inteivention will aid in leducing the 
numbei of functional impaiiments The question of malignancy has 
nevei been established, and the majoiity of angiomas of the muscle 
should be consideied benign 

RLPOur or tAsns 

Casf 1 — Diagnosis Inti aiiiitscuiai Iicinaiujioina of the mai^clci niii^clc, 
excision, iccozlix 

Clinical Hiztoix — A white mnii aged 69, a Germ in, was admitted to the Johns 
Hopkins Hospital on Jan 20 1910 The past and {amiU historv were unim- 
portant Tiiree months before admission the patient lelt a painful lump inside 
of the kit cheek hen first noted the growth was the si7l of a pc i, hut it 
gradualK incrciscd He begin to catch the mucous membrane between his teeth 
and finalh an ulcer formed There was no pain at the time ol admission 

Plixzical Examination — The results ol the cxaminition were negatue except 
for a raeeed ulcer on the inside of the left c leek ibaiit the sire ol i (|uarter The 
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floor wis fissured nnd there was a slight inflammator\ reaction around it and 
slight induration It bled easih -V small mass was lelt through the cheek A 
diagnosis of a malignant condition was made The assermann reaction and 
urinahsis were negatue 

Opiiatioii — Dr Halsted performed an operation on Jan 22, 1910, using gas 
and ether anesthesia The cheek was dnided and the growth exposed It was 
excised and the area was cauterized Bleeding points were ligated and the wound 
on the cheek was sutured The patient made an une\entful reco\er\ 

Mtcrosiof'ic Pathologic Chaitgis — The tissue was composed of numerous blood 
\essels and blood spaces in muscle and fat The blood spaces were irregular in 
size and were lined with endothelium In some areas there was no connectne 
tissue between the endothelial cells of the adjoining spaces The walls of the 
arteries showed an increase in the connectne tissue and in the endothelium A 
number of aessels had endothelium two la\ers thick Some ot tlie reins were 
irregular in shape with thin walls One \em had a thick wall and was partialh 
thrombosed All the \essels and blood spaces were packed with blood cells The 
muscle fibers in some areas had lost their nuclei and appeared as hr aline In these 
areas the fibrous tissue rras increased The nuclei of the fibrous tissue in these 
areas rrere more numerous than normal In some areas there rras an infiltration 
of round cells 

Subsequent Htsfor\ — The patient rras discharged rrell Xo lurther record rras 
obtained 

C^SE 2 — Diagnosis Intraniiisciilar hemangioma of tin muscles of the calf 
and adductors of the thigh, reanifiitatwn , icio^er\ 

Clinical History — A. rrhite man aged 23, a bookkeeper of Scotch-Insh descent 
rras admitted to the Johns Hopkins Hospital on Aug 21, 1911 The past and 
lamilr histones rrere negatue At the age ot 3 the patient had a fall follorred 
br tenderness and srrelhng of the right calf After this subsided, a lump rras 
found in the calf rrhich did not disappear He began to hare difficultr in rralking 
and during the next fire rears the deformitr became so great that he rralked on 
his toes rrith the heel drarrn up In addition tliere rras flexion at the knee Seren 
rears after the onset, at the age of 10, he had scarlet ferer and after conr alescence 
rras not able to put the heel on tlie floor The condition became graduallr rrorse 
until in March, 1906 fifteen rears after the onset, he came to the hospital for 
treatment for the deformitr 

There rras a marked contracture of the achilles tendon rrith atrophr oi the 
calf and thigh The knee rras flexed at an angle of 45 degrees A diagnosis of 
nondeforming clubfoot due to cerebral disturbance rras made An attempt to 
lengthen the hamstring muscles rras made, but on account of excessire hemorrhage 
the operation was abandoned 

The patient had smallpox rrhtle in the hospital after recorering from the 
disease he rras discharged He returned after a month and a second operation 
rras attempted this time around the knee The popliteal nerre and probablr the 
ressels rrere injured as gangrene set in and an amputation had to be done in the 
lorrer third of the leg The deformitr at the knee continued to increase during 
the follorring fire rears and the patient again came to the hospital tor further 
treatment He desired to get a rr eight-bearing stump This rras trrentr rear' 
after the onset of the disease 

Physical Eianiinatwn — The stump belorr the knee rras atrophied and rras held 
flexed at the knee There rras some motion in the knee joint M hen the leg 
hung the internal saphenou"; rein rrith numerous serpentine branches became hugch 
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dilated, and there was enlargement of the upper half of the thigh suggesting deep- 
seated hemangioma 

Opeiahon — On Aug 25, 1911, Dr Bloodgood performed an operation, using 
gas anesthesia Reamputation was done An Esmark bandage was applied, and 
the stump was amputated at the junction of the middle and lower thirds of the 
thigh In making the circular amputation it was found that the femoral artery 
and vein were smaller than normal, but the veins of the saphenous network were 
hugely dilated The adductor longus was an indurated mass, and on section the 
muscle tissue was found to be replaced by fibrous tissue in the meshwork of which 
were numerous blood spots A vertical incision was made and the adductor longus 
was dissected out to its origin The mass of veins and fat around the saphenous 
were also removed All bleeding vessels were ligated, the Esmarck bandage was 
removed and the wound was closed 

Gloss Pathology (Dr Bloodgood) — The knee joint was normal, and there 
was no evidence of inflammation There was distinct evidence of an angiomatous 
condition of the gastrocnemius muscle, but scar tissue had taken its place and the 
other muscles were replaced by fat In the thigh the adductor longus muscle was 
involved down to its attachment, but no other muscles of the thigh were involved 
The adductor longus was fibro-angiomatous and contained one calcified area 

Mici oscopic Pathology — The tissue was composed of loose fibrous strands m 
which were many large spaces lined with endothelium, some of which contained 
blood These spaces were irregular in size and shape In one space there was a 
mass of connective tissue covered with endothelium which was evidently a cross- 
section of a papillary projection Many of these large blood spaces lacked endo- 
thelial lining In some areas the wall of the blooa space rested against muscle 
fibers which were hyaline and vacuolated, showing degeneration The walls of 
many blood spaces contained smooth muscle Many had thickened layers of endo- 
thelial cells so that the lumina were small There were patches of smooth muscle 
scattered in the wavy fibrous tissue between the blood spaces Some vessels showed 
a thickening m the fibrous layer of their walls 

In another section there were numerous voluntary muscle fibers showing degen- 
erative changes In other areas there was fat with areas of muscle fibers, giving 
the impresson that the latter had been replaced by the forme’" In some areas 
there was a small round cell infiltration in the connective tissue 

Subsequent Htstoiy — There was pain in the stump which began after twelve 
vears , the history was otherwise negative 

Case 3 — Diagnosis InU amuscular hemangioma of the peionms hcvis and 

flexor longus hallucis, excision, recoveiy 

Clinical Htstoiy — A white man, aged 28, a merchant, a Jew, was admitted to 
the St Agnes Hospital on Aug 27, 1912 The past and family histones uere 
negative Eight jears before admission the patient noted that the leg was painful 
Later he found a small lump on the posterior surface of the right calf The pain 
was most sci ere on standing or walking There was no historj of injur> 

Physical Examination — The results were negative except for the condition of 
the right leg When the patient stood, a lump about the size of a walnut appeared 
on the posterior surface of the calf There was no pulsation, and the mass gave 
the sense of fluctuation When the patient 1 iv down, the mass disappcired T lerc 
was no chinge m the skin and no subcutaneous varicose veins were visible The 
lump was compressible Pam was chieflv in the region of the swelling ind above 
It in the calf of the leg No measurements were made, but the leg affected 
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appeared fuller than the normal one There were a few dilated aeins in the pop- 
liteal space A diagnosis of angioma was made 

OpLiatwii — On Aug 29, 1912, Dr Bloodgood performed an operation, using 
gas and ether anesthesia The bulging area was 3 cc abo\e the external malleolus 
between the achilles tendon, the peroneal muscles and the flexor longus hallucis 
A. mass of dilated aeins in the subcutaneous fat anastomosing with the fine aeins 
on the achilles tendon was found These communicated with the angioma in the 
peroneus brer is and the flexor longus hallucis All this tissue rras completelr 
excised Closure rras made, and an lodiform dram rras put m An Esmarck 
bandage rras used around the thigh The dram rras remored on the fifth post- 
operatire dar The healing rras unerentful 

Gloss Palholog\ (Dr Bloodgood) — ^The tissue consisted of subcutaneous rari- 
cose reins and fat, the angioma in the muscle and some normal muscle 

Microscopic Pathology — The sections shorred the usual picture of angioma 
There rrere blood filled spaces of irregular size and shape betrreen the muscle 
bundles The rralls of these spaces rrere connectire tissue rrith a lining of endo- 
thelium In some areas there rrere infiltrations of small round cells suggestmg 
inflammation The striated muscle fibers rrere replaced br fat (fig 1) 

Subsequent Histoiy — In 1920, eight rears after the operation, the patient rrrote 
that he had pain in the region of the scar rrhich rras attributed to the scar itself 
Examination failed to rereal anr recurrence of the grorrth 

C^SE 4 — Diagnosis Inti aniusciilar heniangioma of the crtciisoi pollicis, 

eicsion, recoveiy 

Clinical Histoiy — A colored rroman, aged 34, a domestic, rras admitted to the 
Johns Hopkins Hospital on Mav 12, 1913 The past and familr histones rvere 
negatire Since childhood there had been a small lump on tlie anterior surface 
01 the rrrist This had graduallr grorrn until, serenteen jears before the patient’s 
admission, it rras the size of an egg, and had become extremely painful, causing 
tingling m the fingers and loss of function Trrelre rears before the patient’s 
admission the lump rras remored bj a phrsician The patient said that it looked 
like beef After this operation the pain did not subside, and graduallr a nerr lump 
began to appear Because of pain the patient had little use of her fingers 

Physical Evamination — A soft murmur rras transmitted from the heart to the 
axilla The results of the examination rrere otherrrise negatire except for the 
condition of the left upper extremit> The left arm rras somervhat atrophied 
There rras a dark scar about 1 inch (2 5 cm ) long orer the back of the rvnst 
at the lower end of the radius There rras a srrelhng extending from this scar 
for about 10 cm up the dorsum of the radius The skin orer the srrelhng rras 
morable and a little shin> There rras no local heat The srrelhng rras tender, 
not fluctuant and rras morable orer the bone There rras little motion in the rrnst 
because of tenderness, and the thumb and forefinger rrere practicalh useless She 
could not make a fist The hand rras atrophied and was held m slight dorsal 
flexion at the rrrist 


Measurements 

Right 

Left 

Hand 

22 cm 

19 cm 

Wrist through srrelhng 

16 5 cm 

17 5 cm 

Wrist abore srrelhng 

19 5 cm 

15 5 cm 

Forearm 

26 cm 

23 cm 

Arm 

23 5 cm 

21 5 cm 


The results of unnalrsis and a assermann test rrere negatire A diagnosis 
rras made of ganglion along the tendon sheath 
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O/'iioltoii — Oil IlI^\ 22 1911 Di McChirc ]ici fornicd .in cxlisioii, using cllicr 
incsthcsi 1 'Xn incision w.is nude ovci the old scar and the present tumor A 
dense mass of fibions tissue was found whicli was gradualle excised exposing the 
tumor whieli 1 1 \ undei the scai md extended for .ihout 5 cm up under Iie.ilthj 
tissue When the miss w is dissected emt, it was found to mvohc the extensor 
pollicis J he tumoi w is ilso found to he adherent to the c ipsule of the joint, 
md a piece of the capsule li ul to he remoeed with it The tendon of tlie extensor 






D4JIS-KITL0USKI—HEM-1\GI0M'1S OF MhSCLE 


69 


Mici oscol^ic Palholog \ — There was a large amount of fibrous tissue m which 
were blood spaces which were irregular in size and shape Some ot these lacunae 
were separated b\ thin walls of connects e tissue joined with endothelium so that 
it appeared as if the endothelium was back to back Here and there were small 
bundles ot smooth muscle Some of the larger aessels had an increase in the 
fibrous tissue of their walls In one section there was a \em with a thick wall 
The muscle tissue showed degeneratne changes Figures 2 and 3 show the lacunae 
and connectne tissue stroma The high power ga\e an idea of the walls ot the 
blood spaces In this case the sections made did not show an\ areas of cellular 



Fig 2 (case 4) — 1 large lacunae filled with normal blood, 2 cellular connec- 
tne tissue 3 blood channels in the connectne tissue witliout endothelial lining 


infiltration The blood in the lacunae appeared normal Other sections showed 
the blood enclosed in fibrous tissue spaces without a^^ endothelial lining 

Subsequent Htstor^ — The patient was discharged well Xo further report 
could be secured 

Case 5 — Diagnosis Intramuscular hemangioma of the biccfs brachialis 

cicision icco'’cr\ 

Clinical History — A white girl, aged 12, a student a Jew, was admitted to the 
Johns Hopkins Hospital on Sept 17 1915 The tamih and past histones were 
negatne Three \ears before admission the patients mother noted a slight enlarge- 
ment o\cr the inner side of the upper third of the right arm This had gradu- 
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ally inci eased witliout am pain or discomfort I lie patient thought that tie arm 
was lame during damp weather 

Phyiical E X atiiiiiotioii — The results were negitive, except for a sw'elhng o\er 
the biceps of the right irm When the patient flexed her irm, the tumor became 
more prominent and looked like lupertrophicd muscle The skin was normal over 
the tumor and was not adherent The swelling w is soft, compressible, not lobu- 
lated or tender The edges were poorlj defined There was no limitation of 
motion The diagnosis was angioma of the muscle 



Fig 3 (case 4) — Higher magnification of figure 2 1, thin walls separating the 

lacunae These consist of two layers of endothelial cells separated by a thin lajer 
of connectne tissue, 2, incomplete bands of connective tissue projecting into 
the blood filled lacuna — the so-called angiomatous valves 

Urinalysis and a Wassermann reaction were negative 

Opoafion — On Sept 18, 1915, Dr McClure made an excision, using ether 
anesthesia An incision was made over the tumor When the biceps muscle w'as 
incised, the tumor was immediatel 3 ’- evident as an angioma It was multiloculated 
and soft, and was entireh limited to the short head of the biceps The short head 
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\\as dnided at its origin and the mass remo\ed There was little muscle tissue 
left m the short head The muscle was cut across just abo\e the cubital lossa 
No large aeiiis and no suggestion of communication with the brachial aeins were 
seen During the dissection the thin walls of the tumor were opened and dark 
blood escaped, causing complete collapse of the mass Closure was made through- 
out with silk The patient made an uneaentful recoaerv 

Glow Pathology — The specimen consisted of a mass ot tissue about the size 
of an egg The tissue was red and was composed chiefla of muscle On section, 
the cut surtace was made up ot a network of branching tubes, baaing the aaerage 
diameter of a horse hair These tubes aaere too small to demonstrate a lumen, 
but thea aaere suggestiae ot blood aessels (Dr Webster) 

Micioscopic Pathology — Sections in this case did not shoaa large spaces filled 
aaith blood although thea aaere defimtela demonstrated at operation There aaere 
numerous blood aessels the aaalls of aahich shoaa ed thickening of the fibrous tissue 
or in other tissue of the iiitima The muscle bundles aaere separated ba masses 
of fibrous tissue and mana muscle fibers aaere replaced ba fat Certain areas 
shoaa ed onla connectiae tissue aaith irregular areas of smooth muscle There aaas 
some small round cell infiltration in these fibrous areas 

Subsequent History — There aaas no recurrence after ten jears 
CasE 6 — Diagnosis Intiaiuuscular hemangioma of the biceps fcmoris, exci- 

sion, iccozcry 

Clinical Histoi a — A. aaliite aaoman, aged 24, a nurse, an American, aaas admitted 
to the Johns Hopkins Hospital on Noa 7, 1918 The famila historj aaas unim- 
portant An appendectomj had been pertormed ten a ears before admission Alter 
the operation for appendicitis, the patient noted a saaelhng of the posterior aspect 
of the right thigh This aaas shghtla annoaing for two aaeeks but aaas neaer 
extremela painful It had increased shghtla in size During the past taao or 
three a ears the saa elhng had become tender on pressure, and she had been conscious 
of a tired dragging sensation in the right leg Alter aaalking a short time, this 
sensation aaas not so noticeable 

Physical Examination — The results of the examination aaere negatiae except 
for the condition of the right thigh There aaas a someaahat diffuse swelling at 
the upper part of the right popliteal space and extending upaaard from it There 
aaere a feaa dilated aessels in the skin oaer the saaelhng The skin aaas not 
adherent and aaas freela moaable oaer the tumor On palpation the tumor aaas 
soft, not tender, and seemed to extend betaaeen the biceps muscles It aaas rather 
diffuse, and the edges aaere not defimtela felt It aaas shghtla compressible No 
thrill or bruit aaas present Verticalla, it measured about 10 cm and transaersela 
about 6 cm It proiected out from the normal contour onla to a slight degree The 
results of a urmalasis aaere negatiae 

Operation — On Noa 8, 1918, Dr R Folhs made an excision using ether anes- 
thesia The patient aaas placed in the prone position and a aertical incision aaas 
made doaan the center of tlie right thigh oaer the tumor mass As the deep fascia 
aaas incised, a diffuse reddish tumor aaas encountered beneath tlie sheath of the 
muscles aaithout definite encapsultation Inspection shoaa ed that die normal muscle 
fibers aaere continuous aaith the tumor itself As attempts aaere made to circum- 
scribe the tumor large aenous sinuses aaere encountered and it became clear that 
the condition aaas one of intramuscular angioma An effort aaas made to remote 
the groaath cleanla aaith as little sacrifice ot normal muscle as possible Noaahere 
aaas it possible to shell out the tumor ba blunt dissection At the upper pole 
numerous bundles of muscle fibers running doaan into the tumor had to be cut 
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Ihe mass was tlien tiirnccl clown and the low'cr attaclnncnt was cut Tlic severed 
ends of the muscle were sewed to tlic iindcrhing hamstring muscles Tlie sciatic 
ner\e was not seen during tlie operation Closure was made witli interrupted silk 
m the fascia, subcuticular silver wire was used in the skin Bismuth gauze dress- 
ing and crinoline spica w-as used down the leg to the toes 

Gloss Ptttholoqv — Hie tissue consisted of a tumor of the soft parts about the 
size and shape of a large goose egg It was defimteh circumscribed On the 
section there w'eie numerous blood \essels and sinuses, some patent and others 
filled with a gelatinous material The muscles w'crc bound together b\ tough 
fibrous tissue Considerable muscle tissue was present 

Mid oscopic Pathologv — The tissue was composed of loose fibrous bundles in 
w'hich weie manv large spaces lined with endothelium These spaces anastomosed 
w'lth each other and w'ere irregular in size and shape Ham were filled wath 
blood There w'ere other blood spaces which did not seem to have anj lining 
endothelium, and the blood seemed to be dirceth m contact w ith muscle or fibrous 
tissue Mam of these blood spaces had smooth muscle in their walls which seemed 
to bear a definite relationship to the w-all In a few' areas there were partialh 
organized thrombi The fibrous tissue was short and wav\, and the cells were 
not numerous In a few areas there were strands of smooth muscle The striated 
muscle fibers were replaced in some parts bj fat In other areas the\ showed 
degenerative changes, being almost Inahnc and without nuclei 

Subsequent Histoiv — The patient was reported to be well one jear after the 
operation 

Casl 7 ~Dtaguosis luti aiiiuseulai hemangioma of the gasti oenemius muscle 
and calf, paitial excision, not inipioved 

Clinical Histoiv — A white girl, aged 14, a student, of Polish descent, had a 
personal and family history that w’as unimportant In 1914, nine a ears before 
admission, the patient fell against a swing, injuring her leg The leg w'as black 
and blue, and in a few days the condition cleared up Two years later she began 
to limp, and the calf became enlarged She w'as operated on, and a piece of tissue 
was removed and diagnosed fibroma There w'as no improvement, and the child 
was taken to a second physician w'ho advised tenotomj' of the achilles tendon and 
examination of the tumor The family refused to cooperate, and no further 
treatment w'as given until 1920, four jears after the onset 

Physical Examination — The examination was negative except for the leg 
affected The left thigh w'as smaller than the right The hamstring muscles were 
contracted 15 degrees There was a large, more or less symmetrical, tumor in the 
region of the calf muscles which was painful on pressure There was a contrac- 
tion of the achilles tendon and an elongation of all the extensor muscles of the 
dorsum of the foot 

Urinalysis and a Wassermann reaction were negative The blood was normal 
X-Ray Repot t — Anteroposterior and lateral plates of the left leg show'ed a 
marked increase m both diameters of the calf No involvement of the bone was 
noted except that there was a slight bowing of the tibula for a short distance at 
the junction of the upper and middle thirds There were several irregular flecks 
in the calf muscles w'hich were suggestive of myositis ossificans, but were probably 
phlebohths A diagnosis of rhabdomyoma was made 

Opciation — On Feb 7 1921, Dr Hodgen performed an operation at the 

Blodgett Memorial Hospital A tenotomj of the left achilles tendon w'as done, 
and a piece of the tumor was excised for examination The tumor looked as if 
It W'ere composed of fatty tissue, but it w'as so infiltrated with muscle tint removal 
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was found to be impossible The foot was put in good position, and a plaster 
cast was applied 

Pathologic Rcpoit (Dr Warthin) — ^Tlie piece of calf muscle showed no neo- 
plasm It presented the appearance of fatta atropha of the striated muscle aaith 
angiomatous dilatation of the aessels and some local infiltration 

SiibscquLiit Histoiy — After the cast aaas remoaed the root aaas in good posi- 
tion, but there aaas still some contracture of the knee Effort aaas made to liaae 
the child oaercome this condition herself aaith the assistance ot massage, but the 
attempt aaas not successful The leg aaas then straigtened under anesthesia and 
a plaster cast applied The child suffered so much pain that the cast aa as remoa ed 
after one month The tumor aaas reduced A brace aaas then fitted to the ankle 
but the knee aaas not confined 

Tor the folloaaing six months the child improaed She aaalked aaell although 
she alaaajs faa'ored the left leg and sometimes complained of pain The tumor 
aaas still about the same size Radium aaas used aaithout results The mother 
reported that the child aaas again holding the leg stiff, and the contractures at the 
knee and the ankle aaere reappearing ^Massage and stretching aaere tried, but 
these seemed to increase the difficulta and the leg aaas sensitiae Another x-raa 
picture shoaaed a distinct increase in the size of the tumor There aaas a distinct 
increase in the number and the size of the calcified flecks in the calf muscles 

The patient aa as shoaa n to Dr Bloodgood, aa ho made the diagnosis of hemangi- 
oma of the muscle and adansed further treatment Bandages aaere applied, but the 
child cried because of great pain Further operation aaas adaised but no lurther 
report could be secured The child aaas lost track of 

Case 7 shoaa s clearly the difficulties encountered aadien these groaalhs 
are not recognized and avhen radical measures are not used 

Case 8 — Diagnosis Intrainiisciilar hemangioma of the masseter nvisele, 

evcision, leeovoy 

Clinical History — A aahite man, aged 29, a coal miner, an Italian, aaas admitted 
to the Union Iilemorial Hospital on Dec 18, 1922 The famila and past histones 
aa'ere negative Six jears before admission, aahile m the Italian arma, the patient 
aaas aaounded in the right jaav ba shrapnel The aaound aaas treated in a base 
hospital for several aaeeks On discharge from the hospital, the patient noted a 
lump oaer tlie angle of the right jaaa This had not increased m size and had 
nearer giaen him ana trouble until one month before admission aahen he began to 
have pain The pain aaas in the saaelling and aaried in duration from a feaa 
moments to half a daj He aaent to the Johns Hopkins Hospital aahere operation 
aaas adaised and x-raj photographs aaere taken 

Physical Evamination — The results aaere negatiae, except for the condition 
ot the right cheek There aaas a saaelling about the size of a aaalnut in the region 
of the angle of the right mandible The skin oaer the saaelling aaas normal The 
turner avas soft on palpation Buried in it aaere seaeral hard nodules about the 
size of the head of a black pin The saaelling aaas freela moaable and did not 
seem to be attached to the skin or bone There aaas no impairment of function 
The results of a unnaljsis were negatiae 

X-iai Diagnosis — The original report stated that there aaas shrapnel in the 
cheek, and the characteristic appearance of the phlebohths aaas missed The plate 
aaas secured for this studa and shoaaed a piece of shrapnel and three phlebohths 
The phlebohths aaere oaal and shoaaed characteristic concentric rings This tape 
of shadoaa could not be made bj iron The bit of shrapnel aaas in another part 
of the head far from the tumor (fig 4) 
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Ol>iiatioii — On Dtc 20, 1922, an operation was perfoimccl under gas and ctlicr 
ancstlicsii bj Dr J AI I Finncj, Jr An incision was made along tlic inferior 
ramus of the riglit jaw- from tlie mglt antcriorlj for about 3 iiiclies (76 cm) 
The dissection w is then carried upward o\cr the clieck until tlic tumor w'as seen 
and delivered into tbe wound The tumor seemed to be composed complclelj' of 
blood \csscls, ind much bemoribage w-as encountered Si\ calcareous nodules 
W'cre icmoacd, aarMiig in si7e from that of a black pmlie id to that of a pea Tbe 



Fig 4 (case 8) — i, shrapnel, 2, phleboliths The shadow's cast 63' the 
phleboliths are oval and show concentric rings The operator reported that he 
removed six stones, but m the picture only three are seen No shrapnel was 
located in the tumor 

tumor was freed wath considerable difficulty and w'as dissected up from the mas- 
setcr muscle More exposure w'as neccssar3 and a second incision was made at 
right angles to the first, wdiich extended for 2 inches (S cm ) down the neck 
The facial nerve was seen The tumor was then completely excised, and closure 
W'as made w'lth fine silk A small protects c dram w'as placed at the intersection 
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of the two incisions The dnin was renio\ed entirelj on the fourth postoperatn e 
da% The patient made an uneaentful recoaerj 

Mid oscofiic PatIioIog \ — There was a large amount of cellular fibrous tissue 
which separated the bundles of striated muscle Some of the muscle bundles 
showed hj aline degeneration, and in some areas fat had replaced the muscle fibers 
There were a few endothelial lined blood spaces, but most of them seemed to lack 
endothelium, and the blood was bounded b\ the fibrous tissue In this case the 
blood aessels showed a thickening of the intima In some aessels the intima was 
three or four times as thick as the wall of the ressel and the lumen was extremeh 
small There was no cellular infiltration 

The patient left the hospital in good condition, and no further record has been 
secured 

C\SE 9 — Diagitosts Intramuscular hemangioma of the splcnuis capitis and 

SLinispinahs capitis, excision, recovery 

Clinical History — A white man, aged 33, an engineer, an American, was admit- 
ted to the Union Memorial Hospital on March 13, 1923 The famiK histon was 
negatne Appendectom\ with drainage had been performed in 1913, tonsillectom\ 
was done m 1918 Tuberculosis was suspected m 1918 In 1914, nine lears before 
admission, after raising a window on a tram, he felt a sudden pain in the right 
side of the neck, and on imestigation found a soft tender lump about the size of 
the end of a finger There had been a large mass on the right shoulder for some 
jears which the patient attributed to carrMng a hea\w transit on the shoulder The 
soreness disappeared in a few dajs, and the patient was not troubled with the 
lump, which persisted He was examined b> ^arIous ph\sicians who made light 
of the condition A ^ear before examination, the lump began to enlarge and 
become painful Under the diagnosis of lipoma it was operated on fi\e months 
before admission A blood% tumor was found running under the claMcle, and the 
surgeon behe\ed he had remo\ed all of it About six weeks later the patient 
noted that the lump began to return It became swollen when he was King down 
and smaller during the da% when he was up There was aching and tenderness in 
the tumor when it was swollen It did not pulsate It had been getting worse 
steadib, and at times became as large as a hen’s egg Following the operation 
there was a parahsis of some of the muscles of the shoulder The use of the 
shoulder and arm had come back almost entireh, but there was persistent pain 
under the right scapula 

Physical Examination — On the left upper part of the chest and extending down 
the left arm to the thumb and first two fingers of the left hand, there was a 
reddish-browm birthmark, following exacth the course of the median ner\e The 
birthmark appeared as a group of small papillar\ purpuric spots The color could 
not be pressed out of it The patient said that it changed color rapidh, becoming 
purple when he was chilled or when emotionalh wrought up 

On the right side of the neck there was a scar about 4 inches (10 16 cm ) long 
with a slight tendenci to keloid formation In the upper half of this scar a swell- 
ing was seen, which was about the size of the end of the thumb It was soft and 
not tender At about the center was a small hard nodule which was tender There 
was no pulsation no thrill and no bruit It could not be reduced b\ pressure It 
was situated in the posterior angle, and nearh o\er it there was a graMsh-blue 
area of skin about the size of a thumb nail During examination the tumor sud- 
denl\ became twice its size and then subsided It seemed to extend upward and 
posteriorh disappearing under the trapezius and the deeper muscles oi the neck 
There was a definite fulness under the posterior phanngeal wall on the right side 
which corresponded to the le\el at which the tumor disappeared under the muscles 
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of the iiLck lJrlll.ll^sls w is iicgatut I he cniulilion was diagnosed as i tliick- 
w ailed cjst 

Opcialw)! — On Maich 17, 1923, Dr J M T I'miic} ni.idc an excision, using 
etliei ancslliesia file old sear winch i in along the outer border of the trape/ius 
muscle on the light side w is excised, and the sternocleidomastoid muscle was 
exposed and retracted inteiiorh The Irape/ius nuisele w is retracted posteriori}, 
w'hich exposed the spin il .icccssorj ner\e Ihe tumor was now' seen just under 
the ti,ipe7ius and seemed to he m the hells of the splenius capitis and the semi- 
spimlis capitis muscles It seemed to he angiomatous, and scs'cral sm ill concre- 
tions could he felt in it In .ittcmpting to dissect the tumor out, it was opened 
ind a consider iblc amount of blood escipcd J he splenius capitis and the scmi- 
spinahs capitis w'crc cut across well .ihosc and below the tumor, and this section 
of the muscles was remos’ed All bleeding points were ligated The tumor w'as 
ibout the SI7C of i large walnut An attempt w is then made to establish a 
connection between this tumor ind the bulging m the posterior plnrsngcal wall 
on the left side, but no connection could be made out The wound was closed 
The patient made an uneventful recovers 

Gloss Paiholoqv — The specimen consisted of fat <ind muscle filled w'lth hemor- 
rhage The polj chronic mcthjlene blue (methj lionine chloride, USP) frozen 
section did not show' evidence of a m.ilign.int condition (Dr Bloodgood) 

Mici oscopic Patiwlogv — The tissue consisted of muscle, fit, fibrous tissue, 
blood vessels and blood spaces Some of the blood spaces were lined with endo- 
thelium, others w'cre not The}' w'crc ill irregular in size and shape Some of the 
blood spaces rested against muscle w'hich show'cd atrophic changes One area of 
blood w'as partially organized The blood vessels had thickened w'alls In some 
the Ultima w'as thicker , m others the fibrous tissue was increased 1 he fibrous 
stroma w'as extremely cellular There w'erc a few' minute blood \essels in this 
fibrous tissue which w'as w'avy Fat had replaced muscle in some places, and the 
blood spaces rested against it The w’holc picture w'as one of blood xessels and 
1 lood spaces in fat and muscle There w'as a large amount of blood pigment 
till oughout 

The patient was discharged cured No further report W'as obtained 

Case 10 — Diagnosis Intiavnisculai hcmangwma of the solcus muscle, e\ct- 

iwu, iccovciy 

Cluneal Histoiy — A white gnl, aged 13, a school girl, an American, w'as 
admitted to the Union Memorial Hospital on June 17, 1928 The past and family 
histones were negative Six years before admission, at the age of 7, w'hile posing 
on her toes at a dancing class, she felt a sudden severe pain m the medial aspect 
of the left calf The pain became less severe in a few minutes, and she continued 
dancing until the lesson was finished In a few days the pain entirely subsided 
Since that time there had been tenderness but no pain except when the area was 
palpated Two years before admission, the parents noted that the left calf was 
smaller and that the child was gradually beginning to limp and complain of weak- 
ness m the leg However, she indulged in athletics without an} limitation of 
motion The condition was diagnosed as hip disease and rheumatism, and various 
treatments were given without results 

Physical Lxamuiatwn — The results were negative except for the condition of 
the left leg The left leg was symmetrically smaller than the right in circum- 
ference There was a difference of A inches (1016 cm ) in circumference in the 
calves and 4 inches in the midthigh There w'as no shortening of the leg There 
W'as some tenderness m the calf but no sw'elling Some induration was palpable 
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III the c-ilf, ind some wcikness was noted on dorsiflexion of the foot Xo other 
hnutition of motion was found The diagnosis was m\ositis The results of a 
roentgen examination, urinah sis and a \\ assermann test w ere negatu e 

Opiratwii — In June, 1928, Dr Baer made an operation, using ether anesthesia 
•\ii incision was made oier the middle of the upper portion of the left leg begin- 
iimg below the knee joint o\er the calf The gastrocnemius muscle was exposed 
■’ud dnided, exposing the soleus muscle A. nodular swelling was found in the 
belh of the soleus muscle about 2 inches (5 cm ) long and 1 inch (2 5 cm ) wide 
It was recognized as an angioma, and excision was attempted There was a great 
deal of bleeding which was hard to check The muscle was cut almost througo 
below and the tumor mass was gradualli remoied (fig 5) The patient became 
shocked from hemorrhage, and a subpectoral infusion of plnsiologic solu'ion of 



Fig 5 (case 10) — Photograph taken during the operation 1 the gastroc- 
nemius is shown retracted abo\e 2 the tumor mass is seen drawn down br a clamp 
The nodular appearance can be made out which is due to caiernous spaces protrud- 
ing out of the muscle 3 the remainder of the soleus is seen from which the tumor 
mass has been partialli dissected 

sodium chloride was gnen The wound was packed with loditorm gauze The 
gastrocnemius muscle was sutured with catgut The skin was parth closed with 
silk and a plaster cast was applied The gauze was remoied after nine da\s The 
reco\er\ was uneientful 

Gross Pathology — The specimen was about 3 inches (7 6 cm ) long and 2 inches 
(5 cm ) wide It was red with bluish nodules on the surface It had the con- 
sistent of muscle while the small nodules felt cistic Figure 6 shows the nodular 
appearance of the surface of the growth On section it had the appearance of a 
sponge There were main small tubes filled with blood among the muscle fibers 
There was no fat One could not make out whether the blood filled tubes were 
lessels or lucunae 
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HidoscoHc Pnllwlogy —Sections showed the typical picture of angioma There 
were lacunae of different sii ipcs and sires filled with normal blood Some were 
lined Mith endotheliiim, while others appeared to have walls of connective tissue 
without an\ lining (figs 7 and 8) The connective tissue was loose and had scant 



Fig 6 (case 10) — 1, muscle, 2, nodules of angioma penetrating the muscle 
tissue These nodules looked like varicose v'eins and were bluish against the dark 
red of the muscle tissue 



Fig 7 (case 10) — J, show's the infiltration of the angioma into the muscle 
Many small blood vessels are present throughout the entire section, 2, near the 
center are three large vessels which have a definite increase of fibrous tissue in the 
walls, S, in the center of the section is an area which consists of connective tissue 
enclosing normal blood, 4, the upper space shows partitions of connective tissue in 
the lacuna 
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cells Muscle fibers showed ^tropln, but no fat was seen in this specimen Some 
01 the ^essels had a thickened intima \ number appeared to ha\e no lumina, being 
filled with the endothclnl cells There were some fibers of smooth muscle m ‘he 
connectne tissue arranged around the lacunae There were no areas of round cell 
infiltration 

C\SE 11 — Diagnosis Intramuscular hemangioma of the strralus magnus 

excision, rccozcr\ 



Fig 8 (case 10) — A. higher magnification of the center of figure 7 1, the 

loose connectne tissue is seen enclosing the normal blood There was no endothe- 
lial lining m these areas 


Clinical Htstorx — A. white woman, aged 26 a housewife, was admitted to the 
Union Jifemonal Hospital on Sept 6 1928 The lamih and past histones were 
ne'^atne Three ^ears before admission she accidentalh discotercd a swelling 
below the left scapula This occurred shorth alter she had been \accinated and 
she consulted her plnsician who said that it was unimportant The swelling 
gradualh became painful and increased in size The pain would last lor a lew 
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cla 3 s and tlicn subside Wliile the pun was present, the swelling would feel tense 
and hot Counter irritants were applied which did not help The swelling would 
become less tense after i few dies and the pain would disappear This continued 
for three months, graduallj becoming more freguent, and the patient consulted a 
surgeon, who diagnosed the condition is lipoma and tried to excise the mass under 
local anesthesia lie encountered profuse bleeding and packed the w’ound telling 
her that it w'as a tumor of the blood vessel and that after the incision had healed 
she should go to the hospital uid ha\c the mass excised The pack w'as removed 
in four dajs and the avound liealed She hid no further pain, so she did not seek 
further treatment until one month before admission The pain began to reappear 
and the intervals betw’een the att icks of pain became shorter so that she bad pain 
almost continuouslv She consulted a surgeon in Virginia, who made a diagnosis 
of hpoma and advised removal In the meantime, she came to Baltimore, and as 
the pam continued to annoj her, she applied for treatment 

P/ivsical Examination — The results were negative, except for a slight bilateral 
enlargement of the thjroid gland On the back just under the low-er border of the 
left scapula was a sc ir about 2 inches (S cm ) long Beneath this scar there was a 
firm movable mass the borders of wdiich were not distinctlj made out It w'as not 
adherent to the skin and w'as nonpulsating The mass was about 8 cm across and 
was not painful to palpation She said that after prolonged pressure, as after hing 
on it, the mass became tender to touch 

Urinaljsis was negative The diagnosis w'as hpoma 

Opetatwn — On Sept 7, 1928, Dr T Otto made an excision, using ether 
anesthesia The old scar w'as excised As the tumor was being exposed, it w’as 
recognized as an angioma of the serratus muscle The serratus was tlien cut across 
below and the tumor dissected up Large veins were found in the upper end wdiich 
w'cre cut across and ligated with catgut The muscle was cut across above and 
the tumor removed Closure was made wutli catgut and silk Two rubber drains 
were placed and drj dressing applied 

Gloss Pathology — ^Thc specimen consisted of a piece of muscle and fat The 
muscle W'as fan-shaped, being lyi (3 77 cm ) inches across at the top and 3 niches 
(7 5 cm ) across at the lower end It w'as 4 inches (1016 cm ) long and inch 
(127 cm) thick The striations of the muscle could be seen through the muscle 
sheath (fig 9) On palpation a hard nodule, about the size of a lead shot, was felt 
in the lower end The fascia w'as carefullj removed and w'as found to be adherent 
to the lower end of the specimen Here blood vessels were seen which had 
penetrated the muscle 1 he nodule w'as found to be half embedded m the muscle, 
and tilt fascia was removed from its surface (fig 10) A second smaller nodule 
was then palpated deeper in the muscle and nearer the center of the specimen On 
section the muscle was found to be infiltrated by channels containing blood, looking 
very much like a sponge filled with clotted blood Most of the channels rvere 
irregular in shape and size while a few w'cre circular and looked like blood vessels 
The large nodule was found embedded in fibrous tissue The smaller nodule was 
found m one of the blood filled channels (fig 11) A roentgenogram of the 
specimen was made, and three shadows w'cre seen These were oval and showed 
concentnc rings (fig 12) 

Mici oscopic Pathology — Sections showed cavernous spaces, which w'cre irreg- 
ular in size and shape Some were filled with normal blood and some w’ere filled 
with a pale eosm-staining material which was laked blood These spaces were 
separated from each otiicr bj cellular fibrous tissue which was wavj Some of the 
spices were lined with endothelium, others did not have an> lining at all, the blood 
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being in contnct with the fibrous tis'^uc Here incl there were bundles ot striated 
muscle King in the fibrous tissue or in t ca\crnous space and being completeh 
surrounded b\ blond Tliere were areas in winch fat bad replaced some oi the 
muscle fibers m a muscle bundle \o smooth muscle was seen in the sections 
There were a tew large blood \csscls which appeared to ha\e normal walls and 
except for their size would be normal 

SiilHKpuut Htslon — On discharge, the patient did not complain of an\ pain 
and had no impairment of tunction 

'SL^I^r\R\ or CLctrv iiitiicrto ln reported c\ses 

Ten cases occurred iii wliite persons and one m a negro This is the 
onh case on record as tar as we could find of a pnmar\ angioma of 
striated muscle occurring m a colored person Fi\ e occurred in males and 
SIX in females The ages at which the patients applied for treatment 
ranged from 12 to 69 Three were m the second decade fi\e m the 



Figure 9 Figure 10 

Fig 9 (case 11) — Gross specimen 1, striations of muscle, 2 fascia coienng 
muscle 

Fig 10 (case 11 ) — 1 striations of muscle 2 phlebolitli imbedded in muscle, 
3 ca\ernous angioma penetrating muscle into fascia 4 fascia adherent to muscle 

third decade, two m the fourth decade and one m the setenth decade 
It IS interesting to note that almost half came for treatment in the third 
decade, that is, in the tw^enties Furthermore, eight came for treatment 
before the fourth decade If the age of onset of sjmptoms is anahzed 
one finds that five began in the first decade, one in the second, four in the 
third and one in the seAcnth We find, therefore, that although no 
patients applied for treatment before the age of 11, fi\e were alread\ 
aware of the presence of the tumor A histori of trauma was gnen in 
fixe cases and no historx of trauma in six cases The chief sxmptoms 
were mxen as sw^elling pain and impairment of tunction In all the 
cases firere w'as a record of swelling or tumor formation A. historx of 
pain w^as reported in nine cases , there w as no pain in tw o cases This 
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IS the symptom winch caused most of the patients to apply foi tieatment 
In two cases, jjam was the fiist symptom even before a swelling was 
noted Function was impaiied in foui cases In two of these cases the 
impaiiment of function was due to pain, while m the other two the 
tumoi had caused contiactuies and defoimities 



Fig 11 (case 11 ) — 1 phlcbolith embedded in fibrous tissue, 2, pblebobtb m a 
cavernous space, 3, fat wbicli bas replaced muscle, 4, muscle tissue, 5, cavernous 
spaces of tbe tumor 



Fig' 12 (case II) — X-ray picture of the specimen Tlie oval sbaclows are tbrown 
b\ tbe three pblebobths Tbe concentric rings are distinctl} seen in tiic largest 
shadow 

Phleboliths weie found in foui cases, howevci, in two of these they 
weie not found until examination of the pathologic specimens after 
opeiation In none of the cases lepoited was a diagnosis made because 
of their Diesence 
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\ coiicLt picopciatnc diagnosis was made in t\\o cases In three 
of the remaining nine cases a diagnosis ot lipoma nas made — a common 
crroi in diagnosis ot tliC'-e tumois '1 he other diagnoses \\ ere malignant 
ulcei chihloot ot ceiehral origin ganglion rhahdonnoma cistic tumor 
and nnositi'. 

Die location ot these tumors was as tollous file m the lower 
evtrcinitie-' two in the upjier extremities two in the muscles ot the head 
and one eacli in tlie muscles ot the neck and trunk Xine ot the tumors 
were toiiiid in large niiiscles 1 he masseter muscle was iniohed twice 
and the gastrocnemius tw lee The soleus biceps brachi triceps fenions, 
senatus magnus and adductor longus are some ot the other large muscles 
that were nnohed hi these tumors 

The tumor was excised in nine cases A biopsi was done in one of 
the othei cases and on the last one an amputation was performed atter 
an excision 


T IBLF 2 — Cla^stficalwit of LaSiS According to dge* 


DecRfle 

Treatment Applied For 

Smptoro^ First Appeared 

1 

SO 

SI 

O 

(S 

52 



25 

i 

u 

s 

5 

6 

3 

6 

1 

0 

7 

s 

1 

Total 

165 

165 


* Xo ige Una recorded m fortv ^even c i‘e« 


Ten patients were reported well and one nnproied The one that 
was reported as improied was the case in which a biopsi was done to 
tr} to determine the diagnosis, and further treatment w as not carried 
out because of lack of cooperation 

This small senes of cases runs true to the results found m larger 
senes as will be seen later in this studi 

StAIItARy or TIVO IILXDRED 1.XD TW ELI E CXSES 
The folloiving is a summarj of the 212 cases collected m this repon 

Age In table 2 w'e ha% e classified the cases according to the age at 

which the patients applied for treatment and the age at which the SMiip- 
toms first appeared The ages haie been dnided into decades for con- 
\ enience 

Of the 165 cases m wduch the age of onset was recorded eighti-one 
or a little less than half showed simptoms before the eleienth ^ea^, 
133, or less than three-fourths, before the twenti -fifth lear, and all but 
se^en before the thirti -first ^ear It is also interesting to note that 
whereas eiAiU-one ga^e simptoms before the end of the tenth rear, onh 
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thii ty applied foi ti eatment in that decade, the rest applying later The 
inajoiity, oi 111, applied foi ti eatment between the ages of 11 and 30 

The symptoms appeared befoie the thud decade in 133 cases, indi- 
cating that this giowtli IS most common in eaily life There were 
twent 3 ^-five cases in the third decade and the lemaining seven occurred 
aftei the age of 30 Most wi iters up to the piesent time have stated 
that piimai} angiomas of the muscle occui chiefly between the ages of 
15 and 30 These statements aie incoiiect as the foregoing figures indi- 
cate The majoiity of these tumors appear befoie the age of 20 This 
obseivation may be of some value in making a diagnosis 

Sc\ and Race — The cases are about equally divided between the 
sexes as table 3 shows 

AH the cases with the exception of seven occui red in the white lace 
Six lepoited by Nagatomi were among the Japanese, and one patient in 
oui senes was coloied It is impossible to point out any geographic 
distiibution, although the hteratuie shows most of the cases leported 
fiom Italy, France and Geimain Moie interest has probabl} been 
taken in this class of tumors in those countiies and theiefoie more cases 
repoi ted 

Table 3 — Incidence 


Male 

Pennie 

>iOt Recorded 


79 

S4 

J9 



Peisonal history, social condition, occupation and dietai} influence 
add nothing of impoitance to the etiology 

Heredity plays no pait m the etiologj'^ of these growths Transmis- 
sion of primaiy angioma of the muscle from parents to children, oi 
the occurrence of this tumoi in two children of the same family, has 
never been recorded 

Symptoms and Diagnosts — ^The chief symptoms are pain, swelling 
and impairment of function There was pain in 100 of the 123 patients 
definitely leportmg on the presence or absence of pain There was no 
swelling or tumor in only three cases, function was impaired in forty- 
seven cases 

The diagnosis is extremely difficult The coirect diagnosis was made 
in only eighteen of the 212 cases tabulated This is probably due to 
the inaccessibility of this type of tumor 

Site — The location of these tumors was found to be as shown in 
table 4 On further subdivision we find that the seventeen cases involv- 
ing muscles of the head, the masseter was involved alone in nine cases, 
with the buccinator m one case The muscles of the eyes were involved 
in three cases and the temporal muscle and the muscles of the tongue 
in tvv^o cases each All questionable cases of the tongue were eliminated 
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tliL oi ilu tiimk the latitssimus and the tiapeznis nere 

ni\o]\(.d in IwtiUv c t!ic icmannng lhirU-bc\en being distributed 
.nnonir all the oihei imi'-ck'- In the uppci extrcmite fifteen cases were 
in tile aim twent\ m the fnieaun and ten in the hand It is interesting 
to note tint ot the htlcen ei'scs octiining in the aim the triceps was 
nnnheil alone in eiglit nid with olliei imiscles in two cases the biceps 
was iinohed alone in llit iciiiainiiig fnc cases In the lower extremity 
int\-t\\n weie in the thigh torl\ in the leg and ten in the toot The 
quadrieeps lemons md the intcimis were iinohed m sixteen cases 

eacli malting thnt\'twn ol the filt%-two ca«es The gastrocnemius was 
lepnrted alone in ten and with othei miiscles m eight cases accounting 
lor eigliteeii ot the torn cases 


T \nf r -! — Loi atwn of 7 mnors 



Cazes 

riii^rV' of lind 

37 

Mii>-eli' of trunk 

57 

Mu ell of upper e\trinilt\ 

'35 

Mii-(l(' of lower extrcniiti 

^2 

Mii'clc not Rueii 

\ 


T \i!LF 5 — Trcotmint EmploMd and Risults Obtainca 


Casc- 

total eeci'ion and rcco\tr\ la" 

rotil cxci'ion mtli no «tjtpment of outcome 5 

Pirtnl cecision with rceoven " 

Partial e\ci«ion repeated for recurrence and recoverr 3 

Partial c\ci<=ion with later imputation ~ 

amputation and rccoairv a 

Flectrolr.is and miprovenient 1 

Ciuterization and iinprorement 

Biopsy and no improvement ^ 

freitment not stated ^ 


The lower extremita, theretore, is the chief site of these tumors \\e 
further noted that the large and powerful muscles were most commonh 
affected The masseter, latissimus dorsi trapezius, triceps brachialis, 
biceps brachialis, quadriceps femoris, aastus internus and gastrocnemius 
accounted for nineti -fit e cases No doubt motion plat s a big role in 
the growth of the tumor, and the impairment of motion in am ot these 
larger and more important muscles is of i ital importance to the patient 
Perhaps that is the reason whi these patients came for treatment while 
mam others in less important muscles w ere not troublesome and so w ere 
passed unnoted bi the patient 

Ticatmeiit and Result —Table 5 shows the Upe of treatment 
emplojed and the results obtained It is eiident that excision ot the 
growth IS sufficient to insure a cure proiiding the excision is complete 
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CONCLUSION 

Piimaiy angiomas of stnated muscles are no longer rare tumois, as 
IS indicated by the 212 cases heie collected It is a slow growing tumoi, 
congenital in oiigm with tiaiima playing a role more in its growth 
than m its oiigm It occuis about equally in both sexes The age of 
onset IS befoie the twenty-fiist yeai m the gieat majority of cases, the 
laigest numbei occuiiing befoie the eleventh yeai They may occur in 
any stnated muscle The lowei extiemities aie most commonly affected 
and the uppei extremities aie next The laige and more poweiful mus- 
cles aie involved most fiequently The size of these tumors ranges 
fiom that of a nut to that of a small pumpkin The muscle involved 
plays a passive role The chief symptoms are pain, swelling and func- 
tional impaiiment, although aii)^ one oi all may be lacking The skin 
IS usually noimal The tumoi ma}’^ be compiessible and change in size 
with changes in postuie It is usually soft but may be haid, smooth 
01 lobulated, moiable or fixed, ciicumscnbed oi diffuse The diagnosis 
IS difficult Aspiiation of normal blood is a valuable aid The x-ray 
pictuies may be of assistance when phleboliths aie piesent The 
existence of simple angiomas is questioned, and the cavernous type is 
consideied the only one found in striated muscle On section it has the 
chaiacteristic appearance of a blood filled sponge There is no paiticular 
affeient or efferent vessel Microscopically, the typical picture is that of 
blood filled spaces, containing normal blood, which either are lined by 
endothelium or have walls composed of fibious connective tissue Some 
smooth muscle is seen in the connective tissue The vessels may have a 
thickening of the intima oi of the adventitia The muscle fibers show 
degeneration langing from hyaline to fat replacement The only treat- 
ment of value IS excision The prognosis is excellent 



OPERVnVE SURGERY OF THE HIP JOINT' 


\STLEY P C ASHHLRST, MD 

PHIL\DELPHI \ 

]\H personal expeiience in the operatne singer\ of the hip joint 
extends O'ver more than t\\ent\ \ears and comprises more than 100 
operations, these are summarized m table 1 Of these, eight\-six uere 
m the nature ot reparatne or reconstructu e operations ^^hlle onh se^- 
enteen can be classed as destructn e, such as those listed as “excision ’ 
for acute osteom^ elitis or tor tuberculosis ^\lth secondan infection I 
ha\e omitted amputations at the hip joint 


Table 1 — Siiiiuitar\ of Ofcrafwns (to April 1 1929) 


Operation 

Cases 

Death' 


^.rthrodesi« 

0 

0 


irthroplastj 

s 

0 


Bone peg 

o 

0 


Bone implant' 

1 

0 


Capsulorrliaplir 

3 

0 


Excision 

17 

2 

(I Tuberculous meningitis 
)2 icute osteomyelitis 

Open reduction 

13 

1 

(Shock) 

Osteoclasis (inzoletti) 

2 

0 


Osteotomy 

15 

1 

(Status lymphaticu') 

Reconstruction 

C7 

1 

(Lremia) 

Transfer of tensor fasciae 

6 

0 



103 

5 



It is my purpose to discuss (1) the indications for tlie larious 
operatl^e procedures, (2) the technic of the operations and (3) the 
results 


IXDICXTIOKS FOR THE V^RIOLS OPERA.TI\E PROCEDURES 

A) th) odesis — Arthrodesis is the operatne production of ankylosis 
in the effort to improve function Its main indication is found in cases 
of flail-joint due to anterior poliomj elitis Fortunateh there are not 
man} patients in whom residual paraljsis leaves one or both hips in a 
flail-like condition and even under these rare circumstances it is neces- 
sar^ that the patient’s spinal and abdominal muscles be sufficient!} 
strong to be able to control the loi\er extremlt^ through the pehis alter 
the femur has been fixed to the latter It ould be as useless to produce 
ank}losis bet\\een the femur and the pelvis i\hen the latter could not 

Submitted for publication June 10 1929 
*From the Episcopal Hospital and the Philadelphia Orthopaedic Hospital 
* Read at a Meeting of the International SocieU of Surgerv M arsaw Poland 
Juh 24, 1929 
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be conli oiled by the ]:)aticnt as to do aithiodcsis of the shouldei when 
the muscles lunmng fiom the tiunk to the sca])ula weic powerless to 
move the lattei 

Aithiodcsis of the hi]) has also been lecommended to abolish pain in 
cases of Iwjieitiophic aithiitis I have adopted it only once in such a 
case, and I believe that the modem i ceonsti uction opeiation is moie 
efficient I attempted once also to piodiiee ankylosis in a case of neuio- 
pathic aithiitis (Chaieot joint) at the hip, but without success, I doubt 
whethei anj opeiation on a Chaieot hip is advisable 

A) (hj oplaUy — By aithioplasty is implied an opeiation designed (by 
means of the mtei position of soft tissues between the hone ends) to 
lestoie motion to a joint whieh is ankvlosed When ajiphed to the hip 
joint (Nelaton) it is nccessaiy, in my opinion, foi the suigeon to con- 
vince himself eonceining the following points 1 The patient is suffi- 
eiently incommoded b}' the ankylosis which is jiiescnt to justify a seiious 
ojieiation which docs not <ilwa3's ensuie both free motion and stability, 
m othci woids, the Ojieiation ma}'^ lesult in too gieat mobility with 
instability, oi it maj lesult in iccuiience of ankylosis 2 The ankylosis 
IS not due to pyogenic oiganisms or to tubeiculosis, since such an opeia- 
tion in such a case may louse doimant infection and hence fail to 
improve the patient’s condition 3 Appi o\iinately the noimal foim of 
the head and neck of the fcmui has been pieserved, in othei woicls, 
ankylosis has developed without desti uction of bone 

Fiom the foiegoing paiagiajih it will be seen that I legaid the indi- 
cations foi a typical aithioplasty as evtiemely limited, indeed, since the 
bcttci development of the technic of “leconsti uction of the hip,” as 
impioved by Whitman, Gil! and othei s, the indications for typical aithio- 
plasty have almost disappeaied I liave seen no patient since 1920 m 
whom I thought it could be emijloyed with advantage I have adopted 
the t}pical opeiation, much as desciibed by John B Murplij^, only eight 
times twice foi pathologic dislocation (foi which the reconsti uction 
opeiation is undoubtedly better) and six times foi bony ankylosis In 
foui of the SIX cases of bony ankylosis the postulates enumeiated weie 
present — two cases of bony ankylosis following gonococcic aithiitis and 
two cases following aithiitis fiom unknown metastatic infection almost 
ceitainly not pvogemc In cases of ankylosis due to pyogenic infection 
such as healed osteomyelitis, I beheA'e that a ioimal aithioplasty is too 
apt to stii up the old disease and that foi such cases eyen if there has 
been little desti uction of hone as well as foi cases of pathologic dislo- 
cation, the opeiation of leconsti uction is safei and gives bettci lesults 

Bone Peg — Foi ununited fractiue of the neck of the femui the 
lione peg method of fixation is infciioi, T believe, to the typical recon- 
stniction operation of Whitman f ha%e employed it only five times, 
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and ha^e not al\\a\s tound it eas\ to place the lione peg in the correct 
axis ot the neck and head ot the teinur so as to fix lioth traginents 
Foi the last ten eeais I ha\e abandoned this operation 

Bo)h Iiuplanis — I haec included in table 1 one opeiation tor exten- 
M\e fibroc\stic disease of the trochanteric region and neck ot the lemur 
in \\hich I placed inassne tian'plants troin the tibia into the caMt} lett 
h} clearing out the diseased tissue 

Capsnlo) thaphy — In three cases ot recurrent paraljtic dislocation of 
the hip due to anterior poliom\ehtis I secured complete relief from the 
disabiht\ h\ opening and overlapping the distended capsule dressing the 
limb m plaster ot pans m the abducted position The patients were 5 
11 and 17 vears of age respectneh at the date ot operation B\ the 
use ot pioper after-treatment (apparatus gvmnastics) the muscles the 
weakness ot which formerh pennitted recurrence ot the dislocation 
developed sufificientlv to secure good stabiht) and to maintain reduction 
A.11 the dislocations were upward and backward In hips which are 
entirel} flail and which are suited theretore tor arthrodesis, there are 
no muscles strong enough to produce dislocation The occurrence of 
paralvtic dislocation requiies complete or almost complete paralvsis ot 
the gluteus medius, with the hip held in flexion adduction and internal 
rotation b} the nearlv or entirelv intact antagonists 

Excision — More or less ot the upper end of the femur and some- 
times also portions of the acetabulum are removed As alreadv indi- 
cated, this is, strictl} speaking a destructive operation although it is 
done in the effort to save the patients hte bv disinfection of the joint 
in cases ot (1) acute osteomv elitis which has invaded it, (2) in cases 
of tuberculosis of the joint wnth secondarv infection m children, or (3) 
even in early stages of tuberculosis of the hip joint in adults I have 
also emplojed it in a few cases ot nonunion as advised bv Lambotte 

Open Reduction — Open reduction is applicable to congenital dislo- 
cations in those patients (1) in whom closed reduction and proper main- 
tenance have eventuallv giv^eii rise to recurrence of the dislocation or 
(2) m wdiom reduction bv the closed method proves impossible "When 
open reduction is possible without undue trauma, it is possible to prevent 
Its recurrence by a plan originallv suggested liv \lliee vvbich consists 
m turning dowm, above the acetabulum a roof of bone which deepens 
the cavntv , this method has been emplo)ed bv Lance, Ombredanne 
and otheis and has been svstematized and popularized bv mv former 
assistant and present colleague Prot A. Bruce Gill As Gill pointed 
out congenital dislocations fall into three tv pes ( 1 ) the subluxation 
tvpe in which the head is too large for the acetabulum and in which 
recun ent but easilv reducible luxation mav occur (2) cases ot complete 
dislocation reducible onlv bv the open method but without the me ot 
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gieat foice, and (3) cases in almost all patients over 10 yeais of age 
m whom even with open opeiation it usually pioves impossible, or pos- 
sible only by unjustifiable foice, to leplace the head m the acetabulum 
Foi the patients in the fiist and second categoiies, open i eduction is an 
excellent opeiation, especially when Gill’s loof of bone is made, but for 
most patients ovei 10 yeais of age peisistance in attempts at reduction 
not only may entail seveie shock,^ but even if i eduction is secured and 
maintained, the hip is apt to become the seat of ankylosis in bad position 
this position having been adopted at the time of operation because the 
most stable position foi maintenance of i eduction Hence for the latter 
patients the opeiation of leconstruction is prefeiable, and I have lately 
abandoned open i eduction for any but patients in the first and second 
classes 

Ostcoclai'; (An/oletti) — The method of osteoclasis desciibed by 
Anzoletti consists (1) in inducing laiefaction of bone and absorption 
of Its salts by keeping the paits immobilized in closely fitting gypsum 

Tahlc 2 — Coiidi/ioiii tit Winch Ostcotoiiiv Was Used bv Anfitoi 


'Iliroiifcli tlic ncolv 0 

Tor slipping: cplplnsis 3 

lor coMi Mira (fracture m infancj ?) 1 

Tor boDj nnKjlosis 2 

Below tlio troclinnters 0 

Open for co\a ^nn (fnctuic m infnncj) 1 

Open to overcome outward rotation S 

Subcut incous (Ad tins Gant) for tuberculous "nXylosis i 

Tor bonj anb^Iosis 1 

roi flcMon deformitj (tuberculous, without ankjlosis) 1 


cases, aided by low diet, foi a peiiod of lour or five weeks, (2) in 
molding by hand, without any anesthetic, the softened bones until their 
deformity is corrected, and (3) m fixing them in the ovei corrected posi- 
tion, feeding the patient a highly nutiitious diet, and encoui aging active 
use of the limbs as a stimulus to the deposit of lime salts It is a method 
which IS particularly applicable to the defoimities of lachitis in patients 
less than 3 yeais of age, and I have employed it in a numbei of such 
cases (bow-legs, knock-knees and especially “corkscrew” deformities of 
the lower extremities') with satisfactory results In only one patient 
have I adopted it for bilateral rachitic coxa vara The improvement in 
this child, while gratifying and sufficient, was not as marked as may be 
obtained by osteotomy, in verj- young children with coxa vara (up to 
about 3 yeais of age), Anzoletti’s method may be consideied a worthy 
substitute 

Osteotomy — I have adopted osteotomy at the hip in fifteen cases 
(table 2) 

1 I have to record, as due to operative shock, the onh death I Iiaic had in 
an open reduction 
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The operation through the neck is best done hr open incision to 
ensure that the section is made at the correct location and in the proper 
axis In the three patients iMth slipping epiph}sis (Dilkes aged 13, 
Saloner aged 14 and Porernick aged 13) I did a cuneiform osteotom% 
through the neck as near as possible to the site of tracture or to the 
recenth united epiphiseal line In one patient (Sonak aged 10) with 
coxa rara probabh from tracture ot the neck m infancy I also did an 
open cuneiform osteotomr of the neck In one patient (Santangelo 
aged TjA ^ears) Mith unilateral coxa lara, trom tracture m infancv, I 
did a subtrochanteric cuneiform osteotom\ because tlie deformitv rras 
not in the neck itselt but consisted mereh in a change of axis between 
shaft and neck In two patients with bom ankylosis m bad position 
(Ford aged 12 with coxa rara trom osteomyelitis and Hackett aged 
19 with ankvlosis in marked external rotation from premia) I also did 
osteotomr through the neck as the disease had been healed so long that 
there seemed little possibility ot relighting of the mtection 

I har e adopted the operation of osteotomr below the trochanters nine 
times four times hr open incision and fire times subcutaneouslr 

1 The open operations rrere one for coxa rara (Santangelo aged 
7y2 years) preriouslr reterred to, and three to orercome outrrard rota- 
tion (Bitto aged 11 trom infantile paralrsis, Remler aged 13 four 
rears atter closed reduction of a congenital dislocation and Wenick 
aged 13 rrith bom ankrlosis tollorring osteomyelitis) In none of 
these three patients did I rrish to attack the neck directlr because m 
trro the joint rras normal and m the third 1 feared to relight the osteo- 
mr ehtis 

2 The subcutaneous operations include three (Derine aged 14, 
Dolan aged 13, Shaffer aged 16) tor tuberculous ankrlosis one 
(^^ alker aged 12) for bony ankrlosis from osteomr ehtis and one 
(Quinn aged 17) for flexion deformitr rrithout ankrlosis the result of 
tuberculous arthritis I behere that subcutaneous osteotomr belorr tlie 
trochanters is a satisfactory operation for healed tuberculous ankrlosis 
in bad position but that it anr operation is to be done rrhen there are 
open sinuses or not rerr firm ankrlosis a reconstruction operation is 
pieferable 

Rcconsb uction — This is tlie operation that is most rridely applicable 
tor relief trom disabihtr at the hip joint Table 3 includes trrentr- 
seren such operations rrhich mar be placed m the categories tabulated 

The method of reconstruction I hare emplored is essentiallr- that ot 
\\ hiUnan consisting in temporarr detachment of the great trochanter 
(rrith the muscles inserted into it) and its reattachment on the outer 
surface ot the shaft after the stump of the neck has been thrust into 
the acetabulum preriouslr cleared ot its contents (remains ot head scar 
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tissue, etc ) M) fiist opeiation of this natiiie was done in Octobei 
1914, but I did not icalize the advantages of S}StcmaticalIy leattaching 
the detached tiochantei until aftei the publication of Whitman’s papei 
in 1921 In my eaily opeiations, the head and neck weie absent, so I 
meiely defied the tiochantei subpenosteally, beveled the uppei end of 
the femui into a point and thiust this pointed end into the acetabulum 
somewhat aftei the manuei of Kiause and of Spiengel If foi am 
leason the end of the shaft or neck cannot lie bi ought into the old acetab- 
ulum, as in some cases of congenital dislocation in adults, a ne\\ 
acetabulum is made at a suitable site and when needed, a loof is foimed 
foi the too shallow acetabulum (old oi new) bj tin ning 'down a bone 
flap fiom tile pelvis ovei the head, as iccently described by Gill In 
111 } fiist opeiation by this method of leconstiuction m 1914 I seemed 
a veiv good loof foi the head fiom piohfeiation of bone wheie the 
pelvis was gouged out to deepen the old acetabulum 


TAiiir 3 — Rccon<;ti uctwit Opciaitoii tii Tzveutv-Seven Cases 



Tulicrculosis 


12 


ribrous nnkilosis 

1 



Pntliolofeic (Iislocntion 

Pntliologic dislocation from old ostconnclitis 

f) 

(. 


Dislocation, congenital 


1 


Slipped cpiplnsis 


1 


Nonunion of neck 




Artliiitis, (hstiopliic 






27 


The opeiation of leconstiuction is the most efficient method that 
suigeiy aftoids in the tieatmeiit foi pathologic dislocation, whethei 
tuberculous oi septic m oiigin The head of the femui usually is 
defoimed if not entiiely destioyed in these cases, and without the 
method descnlied by Whitman, which serves to lengthen the neck, oi 
the method employed by Gill, which deepens the acetabulum, it would 
be impossible to secure a stable joint I have not hesitated to emploj 
the opeiation in the presence of unhealed sinuses m eithei type of 
disease, but only in cases m which the infection is doimant In the 
case of active infection I should piefei to tempoiize oi to do an 
excision, if the result of the latter is unsatisfactoiy, a leconstiuction 
operation may be done later For fibious ankylosis in bad position of 
tuberculous origin, I prefer leconstiuction to osteotomy, leserving the 
latter opeiation for tuberculous ankylosis which appears to be bon} In 
cases of dysti opine arthritis ( hypei ti opine or atrophic) my expeiience 
is so far too limited foi me to express a decided opinion but I believe 
that for otheiwise robust and not yet senile adults with hypertrophic 
aithiitis attended bv much pain winch is uncontrollable by w.ilking ajijia- 
latus, treatment by reconstruction should offer a satisfactory piognosis 
In cases of the ati opine t}pe houevei which usually are polyarticular, I 
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doubt that reconstruction of the hip mil pro^e as usetul as excision 
permitting dorsal dislocation of the trochanteric traginent these patients 
usual!} are so frail that the\ cannot r\ell endure the prolonged fixation 
which a reconstruction operation requires nor will the condition of their 
other joints allow them much use of the hip For congenital dislocation 
especial!} in older children and adults I am using more and more some 
form of reconstruction operation rather than making persistent attempts 
to restore the intact but usualK deformed head to an acetabulum too 
small or too low for it I ha\e alread} discussed this question under 
the heading ot ‘ open reduction ot congenital dislocation of the hip 
In one case of coxa rara adolescentium (slipped epiph}sis), that of a 
fat bo\ aged 14 (Zeller) I adopted reconstruction rather than 
osteotom\ because the head ot the femur was so detormed and because 
the acetabulum was beginning to wander In nonunion of the neck of 
the femur I have abandoned the use of the bone peg m far or of 
leconstruction tor am patient who will endure the necessarr post- 
operatne fixation For the old and teeble as alreadr stated I prefer 
simple excision of the head 

Tiansfci of Tcitsoi Fasciae Fentons — The late Gwihm G Darns 
im former chiet proposed and described the transter ot the tensor 
tasciae f emoris as a remedr tor parah-tic outrr ard rotation of the femur 
This operation rras later described b} Legg The tensor tasciae of 
course must not be paralrzed itselt if the transter is to be ot anr ralue, 
It IS cut trom its insertion in the fascia lata, and rrith its nerre siipplr 
intact is attached to the great trochanter Thus it supplants the action of 
the gluteus medius rvhich is the mam internal rotator ot the hip In cases 
of parahtic outrr ard rotation m rrhich the tensor fasciae is not intact 
a certain impror ement inaj be obtained, as pointed out b} Dar is merelr 
b} attachment of the fascia lata to the great trochanter br means of 
sutures rrhile the limb is held in internal rotation 

TECHXIC OF OPERATIOXS OX THE HIP 

Exposiue of the Hip Lamhotte’s Incision (fig 1 ) — ^The incision 
passes from the anterior superior spine to the great trochanter diriding 
the tensor fasciae femoris obliqueh across its fibers the incision is then 
continued dorr nrvard and f orrr ard through the fascia lata The triangu- 
lar flap of muscle and fascia is turned f orrr ard and the neck of the 
femur is exposed betrreen the long tendon of the rectus mediallr and 
the anterior free borders ot the gluteus medius and minimus laterallr 

This incision gires excellent exposure of the femoral neck and 
great trochanter and fair exposure of the acetabulum It gires oppor- 
tunitr for dependent drainage at its angle near the great trochanter 

This procedure is suitable for (1) acute osteonnelitis mrading 
the hip joint (2) tuberculosis of the joint (3) simple excision of the 
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head (nonunion, hypcitiophic aithiitis, etc ) and (4) icconstruction 
in the piesence of a noiinal acctaliulum In cases of congenital dis- 
location It IS an incision difficult to sutuic when the hml) is in the “frog- 
position ” If it IS desirable to make a roof foi the acetabulum, 
Lambotte’s incision is infeiioi to Smith-Petcrsen’s 

Lanqcuhcck’ <; hictstoii — ^^fliis is a stiaight incision, centered on the 
gieat tiochantei, made in the diiection of the fibeis of the gluteus 
maximus, while the hip is flexed about to 135 degices The muscles 
aie detached subpeiiosteally fiom the gieat trochanter, and the posteiioi 
surface of the neck is ex])osed 



Figure 1 Figure 2 

Fig 1 — Lambotte’s incision for operations on the liip This photograph was 
made eight years after excision of the Inp for active tuberculosis See also 
hgures 13 and 14 

Fig 2 — Olhcr’s incision (modified) 

Neither this incision nor any other approaching the neck fiom 
behind (such as Heyfelder’s) is much used in modern surgical pro- 
cedures In extremely septic cases of tubeiculous arthiitis tliese pos- 
terior incisions give sufficient exposure for excision of the ujipcr end 
of the femur, and they afford direct dependent diamage, but they 
gi\e inadequate exposure of the acetabulum 

Modified OlUciM Incision (fig 2) — Ihe incision is U-shaped, with its 
rounded cur\ e well below the great ti ochanter and its two arms extend- 
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mg up^^arcI tow^l ^^'■'cr'^teinjv and posterior superior spines ot the 
ilium, the anterioi limb ot the incision passes between the sartorius 
and the tensor fasciae while the posterior limb runs parallel with the 
fibeis of the gluteus maximus near the anterior border ot this muscle 
The skin and tat are raised m one piece w ith the underh mg tascia lata 
and tensor fasciae muscle Then the great trochanter is detached and 
the gluteus medius and minimus muscles are raised with it and turned 
upward and forward The gluteus maximus is not disturbed This 
IS the incision adopted b} ]\Iurph\ for arthroplast\ , and this operation 
is the mam indication for its emplo\ment 

SiuifJi-Pcfci sen s Incision - (fig 3 ) — The incision passes along the 
anterior third or halt of the iliac crest to the anterior superior spine, 
thence downward to a point below' the le\el of the great trochanter 
between the sartorius and tensor fasciae The gluteus medius and mini- 



Fig 3 — Smith-Petersen s incision 

mils muscles and the tensor fasciae are cut across below' their origins trom 
the ilium, and are then detached subpenosteall} from the wing ot the 
xlium, exposing the acetabulum from aboie Should better exposure 
of the great trochanter be desired, the lower end of the incision mai 
be continued backw ard beneath the trochanter, as m Whitman’s incision, 
to be described 

This incision gi^es the best possible exposure of the upper border 
of the acetabulum and of its caMU It is the best incision for open 
reduction ot congenital dislocation of the hip and for those operations 
of reconstruction m which it mai be desirable to increase the depth ot 
the acetabulum b\ turning down abo^e it a bone flap from the side ot 
the ilium The incision in the skin being entireh antenor it is easih 
repaired eien when the limb is m the so-called “frog-position ” I haie 
had one case howeier in which it was impossible to close the soft 

2 This IS a modern edition \\itli impro\cmcnts of the incision long known b\ 
the name of Sprengel 
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parts aftei putting the hmli in the fiog position, except by linnging the 
skin fiom the abdomen clown as a cuitain o\er the gap left below the 
ihum, leaving a considei able hollow space beneath the skin to be filled 
Avith blood clot Healing howeA'er was uneventful It is not a suitable 
incision foi septic cases in which diainage is lecjuired, and I should 
hesitate to employ it m the piescnce of mail} old sinuses ’ 

Whitman’ 's Incinon — Whitman’s incision passes fiom the anteiior 
supeiioi spine downwaid, then cuives backward below tbe great tro- 
chantei, wheie it ends, having completed half a U It thus resembles 



Fig 4 — Attachments of muscles around the acetabulum, showing the approach 
from above, through Smith-Petersen s incision 


the anterior part of Other’s incision W^hitman next described the 
exposure of the capsule through the interval between the tensor fasciae 
and the gluteus inedius Surely it is better to incise the fascia lata 
between the sartorms and the tensor, and to tuin back the latter, with 
intact nerve supply , I have employed this modification in several cases 
with satisfaction It provides better exposure of the acetabulum than 
does the method originally described b\ Whitman 

3 A.n incision, merely along the crest of the ilium has ser\ecl me well, how- 
e\er in cases of extensne necrosis, requiring remmal of the ilium down as far 
as the acetabulum 
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This incision (especialh if the modification I ha\e suggested is 
adopted) is admirable for all simple reconstruction operations as it 
exposes adequateh the neck and trochanteric regions It desirable it 
can be con\ erted into Smith-Petersen s incision b\ continuing the skin 
incision backw ard from the anterior superior spine along the crest of the 
ilium and detaching the tensor fasciae and the gluteal muscles trom the 
pehis, as prerioush descnbed , ^ or b\ continuing its lower end back- 
w ard and then upw ard it ma\ be extended into Ollier s incision 

Opening of the Capsule — Once the anterior surface ot the neck 
IS exposed the surgeon identifies the run ot the acetabulum I prefer 
to open the capsule along the upper surface of the neck trom acetabu- 
lum to great trochanter and then to detach the capsule trom the anterior 
intertrochanteric line The flap thus made is reflected medialh expos- 
ing the neck and head of the temur 

El posit) e of the Acetabiiliini — 1 It the head is still attached to the 
neck and there is no ankilosis it is delnered br gradual but per- 
sistent outward rotation of the femur with the knee flexed and with 


ji 

i 
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Fig 5 — Esmarchs gouge htted with a long handle Useful in delnering the 
head ot the femur from the acetabulum, and m modeling the head and deepening 
the actetabulum 

the thigh in increasing degrees of adduction In the intact hip joint 
It IS difficult to delner the head until the cottloid ligament has been 
freeh duided on the head and right up to its pehic attachment air 
then enters the capsule and the force ot atmosphenc pressure is 
remored Usualh it is necessan to aid dislocation of the head b\ 
cutting the ligamentuiu teres b\ means ot a gouge (such as Esmarch’s , 
fig 5) or b\ Lambotte’s spoon To bring the dislocated head well out 
of the acetabulum, it is necessari to carr\ the toot of the diseased limb 
up onto the peh is or abdomen of the patient w ith the thigh in marked 
external rotation and adducted rather than abducted This bnngs the 
empt\ acetabulum to riew 

During these manipulations great care should be taken not to frac- 
ture the femur nor (as happened once in m\ hands) to detach its 
lower epiph\sis 

2 If the head is already absent it is much easier to expose the 
acetabulum 

4 This comerts it into -in approach to the hip-jomt similar to that described 
b\ Dupu\ de rreiielle 
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3 If theic IS a fiactuie of the neck and the head remains in the 
acetabulum, even aftei the stumj) of the neck has been delivered into the 
wound, It IS moie difficult to extiact the head, l^y the use of Esmarch’s 
gouge, howevei , it is usually possible to secure its delivery, aftei cutting 
of the hgamentum teies I have found Lambotte’s spoon and cork- 
sciew not as useful foi this purpose as the laige gouge 



Fig 6 — Bony ankylosis of the hip from metastatic arthritis (adduction and 
slight flexion) , preservation of normal bone contours makes arthroplasty suitable 
See figures 7 and 29 for condition after operation 

4 111 cases of ankylosis, the surgeon proceeds as will be detailed in 
the description of arthroplasty 

Closmc of the Wound — 1 In clean cases it is desirable to repair 
the capsule by reattaching the inferior border of the reflected flap to 
the fascia along the anterior intertrochanteric line, and by suturing the 
posterior margin of the capsule flap to the upper cut border of the 
capsule 
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The ^arlous muscles and the fascial la}ers are then repaired uith 
buned sutures and the skin edges are accurate!} closed u ith chromicized 
catgut without drainage 

In most clean cases a plaster of pans dressing is applied before 
the operation is begun the patient should be put on a table with suitable 
provision for such a method of fixation 



- ... J 

Fig 7 — Hip shown in figure 6, fire weeks after arthroplastr See figure 29 for 
range of motion one lear after operaUon The screw remains in place nine ^ears 
after operation ( Arthroplasti , case 8 ) 

In sevent}-four operations on the hip joint without sinuses at the 
time of operation, I hate had clean healing in setentt In ttto cases of 
tuberculosis a sinus formed after operation, and was slow m healing 
m one case m which there was a recenth healed sinus from osteo- 
mtelitis a sinus remained for some months in the operatite scar and 
in the fourth case, a hematoma broke into the incision on the tenth 
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postopeiative day If the foimei three cases aie omitted 1)ecause of 
potential infection befoie opeiation, theie are seventy-one operations 
on the hip joint, with only one complication of the wound (discharge 
of a hematoma) 

2 In septic cases the capsule should not be sutured, and the soft 
paits should be closed only in pait, and not too tightly, drainage should 



Fig 8 — Acute osteomyelitis of the femur invading the left hip-joint Edward 
Vedro, aged 12 From roentgenogram made on July 28, 1919, three weeks after 
drainage of abscess in the adductor region, bv another surgeon See also figures 
9, 10, 11 and 12 

be proMded at the most dependent portion of the incision, oi if neces- 
sarj'' by a counterincision However, I have had uneventful healing 
in all cases of Lambotte’s incision, without the use of a counterincision 
Aitlu odcsis — I have employed several different methods of arthrod- 
esis 1 In two cases I did Albee’s operation (cutting off the upper 
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sin face of the head, and cutting a slice from the upper surface and 
rini of the acetabulum bringing these t\%o ra\% surfaces m contact) 
hut succeeded m olitaining ank^ losis in onh one patient 

2 In one case alter denuding the head and acetabulum ot cartilage 
I simph fixed the hip m plaster of pans As ankylosis did not result, 
I operated on the same patient again nearh four }ears later this 
time I transfixed the neck, head and pehis b\ two autogenous bone 
pegs firm ankj losis resulted 

3 In one case I denuded the head and acetabulum ot all cartilage 
and fixed the femur to the pehis b\ Lambottes selt-boring screws, 
bom ank\ losis deA eloped^ 

The difficulty I ha\e found is m keeping the head and acetabulum in 
contact during application of the fixation dressing, for this purpose 
m 111} last case, I emplo3ed screw fixation with success 

The exposure of the joint is not difficult, especialh in cases of 
infantile paralysis, in which the muscles are atrophied I ha\e used 
Lambotte’s incision or simph the upper limb of it an anterior incision 
between sartorius and tensor fasciae or Smith-Petersen's incision Ot 
these \arious approaches I prefer Lambotte’s 

Ai flu oplasty — Little need be added to Murpln’s original descrip- 
tion of arthroplast^ I ha\ e found the modification of Ollier s incision 
sufficient w ithout adding, in mj later operations the “stem of the goblet” 
recommended lii ISIurph} The skin and tat are dissected penpheralh 
in all directions so as to expose a still larger area of fascia lata This 
structure including the tensor fasciae, is then incised at the limits 
exposed and is raised along with the oyerhing flap of skin and tat 
not being detached from its co\ering until it is needed toward the end 
of the opeiation 

The anterior liorder of the gluteus minimus and the posterior 
liorder of the gluteus medius are next defined, and the great trochanter 
IS detached with a chain or wire saw, or as is otten easier with an 
osteotome and mallet A large section, preferabh all of the great 
trochanter should be detached, carriing with it the muscles which 
insert m it howe\er it is not worth while to spend too much time 
trMng to identifr the smaller muscles The anterior surface of the 

5 I mai include under the heading arthrodesis, one case ot screw -fixation 
of a recent intracapsular fracture ot the femoral neck in a patient with flail-limh 
from infantile parahsis hoin union was obtained in the fracture and considerable 
limitation of motion in the hip-joint greath improting the function (see case 5 
under results of arthrodesis) 

6 I hare used a free flap of fascia lata m two cases onh neither operation 
gning a satisfactorr result •\lthough others hare had success rrith the use ot 
free flaps I should prefer, rrere I to do the operation again to use the iiedunc- 
vilated flap as described hr Alurphr 
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section passes between the attachments of the gluteus minimus and the 
vastus lateialis The gluteus maxiinus is not disturbed The musculo- 
fascial flap, with the tiochanter, and still attached to the overlying skin, 
is then turned upward and foiward, exposing the neck of the femur 
This exposuie is designed to pieserve intact the nerve supply of these 
impoitant muscles, the gluteus minimus, gluteus medius and tensor 



Fig 9 — Edward Vedro, aged 12, on Sept 8, 1919, six weeks after excision of 
the left liip for acute osteomvelitis very little bone regeneration Good position 
was maintained by weight extension 

fasciae are supplied by the superior gluteal nerve which leaves the 
pelvis above the pyriforinis, while the gluteus maximus is supplied by 
the inferior gluteal nerve emerging below the pyriformis 

The remains of the capsule, usually densely adherent, are then 
detached from the neck, and the junction of the latter with the border 
of the acetabulum is identified The bonj’- union is then separated by 
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means of a large gouge, that known m the shops as Esmarch’s is 
excellent for the purpose especialh it a longer handle is proraded 
(fig 5) I ha\e used the same gouge for htteen }ears with satisfaction 
it measures 34 mm from side to side,' and its cur\e is about the same 
as that of the normal head of the femur its cutting edge is beAeled on 
its comexit\ thus assuring the exca\ation of the acetabulum with 



r,g 10— Ed\\ard Vedro, aged 12, on Oct 14, 1919, el6\en \\eeks alter excision 
of the left hip for osteomj ehtis considerable regeneration of bone, taking the 
form of the trochanters, neck and head 

little risk ot perforation ot the pehis Care should be taken not to cut 
the head ot the temur too small as it is gradualh outlined b} the gouge 
(fig 6) Should It be cut too small it will prote less stable and the 
acetabulum will therefore hate to be enlarged and deepened, this in 
turn will make the head relatueh still smaller If precautions are 


7 Smaller sizes are ataihble for children 
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Fig 11 — Edward Vedro, aged 22, on March 25, 1929 good regeneration of 
bone ten years after excision of the left hip for acute osteomyelitis See also 
figures 8, 9, 10 and 12 



Fig 12 — Edward Vedro, aged 23, ten jears after excision of the left hip for 
acute osteom\ elitis good station, slight limp, flexion to 135 degrees, full extension, 
rotation \erj limited, no disabilitj (Same patient as in figures 8, 9, 10 and 11 ) 
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taken to cut the head ampl\ large in the first place the surgeon can 
attord to sacrifice some ot its surface m remodeling it it it is not ot 
proper shape i\hen formed There is little danger ot cutting too 
deeph into the pehis with this gouge as the pehis is much thicker 
111 this region than is usualh realized Eieii should the base ot the 
acetabulum be perforated as occurred to me in one case (ot reconstruc- 
tion of the hip) no harm need result Atter almost all the bon\ 
ankilosis has been dmded In the gouge it usualh will become possible 
to break the remaining fibers b\ gentle manipulation ot the femur taking 
care ot course not to fracture the bone elsewhere than at the joint lei el 
The head fiiialh freed from the pehis, is luxated anterior!} as alreadi 



Fig 13 — ^James Fleet, aged 37 on Feb 2 1927 eight \ears after excision of 
the left hip for acute tuberculosis with sinus See figure 14 

desciibed and is modeled to proper shape and the acetabulum is 
reamed out so as to accommodate it secureh and without ant tension, 
leaMiig room tor the interposition of the flap of tascia lata I hate 
not liad as nnicli satisfaction trom the use ot Miirph} s end-inill 
and reamer as from modeling i>\ means ot Esmarch’s gouge \\ hen 
bt repeated trial it has been found that the head ot the temur fits 
easih and secureh into the acetabulum the fasen lata is dissected awa\ 
from the oterhing skin and its pedicle is somewhat narrowed at the 
expense of its anterior attachments (tensor tasciae) This is necessari 
m order to allow it to be brought into the acetabulum without tension 
around the posterior border ot the gluteus medius since this muscle 
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and the gieat tiochantei aie to Ije leattached to the fenun The flap 
of fascia lata thus piepaied is spiead o\cr the acctaliulum and is 
attached with sutuies to any available tissues aiound the run of the 
acetabulum The head of the feinui is then leplaced on this fascial 
bed, and the great tiochantei, with its muscles, is hi ought down and 
is leattached at its oiigmal site with one or two of Lambotte’s self- 
boring sciews (fig 7) If two sciews aie inseited at difterent angles 
one selves to bind the othei (fig 2A B) Finally, the skin and fat are 
closed No diainage is emplo3'ed 

I have found that the actual opeiation takes just over one hour 
Weight traction (Buck’s extension) is applied at once, and the weight 



Fig 14 — James Fleet, aged 39, on Feb 24, 1929, ten years after excision of the 
left hip for tuberculosis flexion to right angle, full extension, shortening 15 cm , 
moderate limp, no disability Out of work for about eighteen months after 
operation 

is inci eased rapidly up to a total of about 8 oi 10 Kg The hip is not 
othei wise immobili/ed Aftei fiom foui to six weeks, active motion is 
encouraged, and gentle passive motion (just short of pain) may be 
made b}'^ the surgeon himself At the end of two months, walking with 
Clutches may be allowed, the weight extension being resumed eveiv 
night Only aftei walking has been learned do I believe it is piopei to 
resort to vigorous mobilwation Mv experience has been that patients 
cither do well and get fairly fiee motion without trouble, or they do 
badlv and the hip remains stift and painful In the former cases active 
jihv siolherapv is not necessarv , and m the latter it is useless 
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Bone Pigs — I ha^e empIo\ed bone pegs at the hip fi^e times for 
nonunion as well as once in an eitort to produce arthrodesis, as 
preMOUsh mentioned I prefer to cut the pegs from the subcutaneous 
suriace of the tibia rather than trom its crest or from the fibula I 
have seen one or two fractures occur m the tibia after bone had been 
cut from its crest and hence prefer to lea\e this strong buttress intact 
I ha^e used pegs from the fibula onh twice and m one case found 
the bone from the fibula so atrophic that it was difficult to dn\e it into 


4 . 



Fig 15 — Antoinette Stellone, aged 17 on March 18, 1929 three ^ears after 
reconstruction of the right hip for congenital dislocation The head was removed 
the stump of the neck implanted in the false acetabulum and the trochanter trans- 
planted low er on the shaft The hip is stable, fair motion, shortening 1 5 cm , 
moderate limp, no pain 

the hole prepared for it It is better to put a square or triangular peg 
into a round hole because it becomes firmh fixed at once whereas 
either the head or the neck of the femur mat rotate about a round peg 
Nor do I regard it as desirable to include the periosteum with the 
transplant I am convinced that periosteum acts niereh as a limiting 
membrane and therefore prevents penetration of the transplant bv the 



108 


ARCHIVES 01 < SURGERY 


cells of the bone into which it is imjilantccl Only when a tiansplant 
IS to be used to budge a gaj) — in othci woids, when it foiins what I 
have called a supplant — am I in the habit of leaving its jieiiosteum in 
place, undei these ciicumstances, it seems to me that the periosteum 
can seive a useful idle by piotecting the bone supplant from destiuc- 
tion (at least on one suiface) by the foieign tissues, not osseous, among 
which it IS placed 

B011C Implants — In the patient with fibious osteitis of the neck and 
tiochanteis, to whom I have pievioush" made lefeience, I made an 
incision ovei the gieat tioehantei, opened the coitev, cleaied out the old 
seal tissue fiom the inteiioi of the bone up to the head and implanted 
into the cavity two bone tiansplants, one of which was diiven downward 
into the shaft and the othei upwaid into the head 



Figure 16 Figure 17 Figure 18 


Fig 16 — Diagram of sulitrochanteric (cuneiform) osteotomj of the femur, to 
overcome adduction 

Fig 17 — Diagram of subtrochanteric osteotomy by inverted V incision, to 
o^ercome external rotation 

Fig 18 — Diagram of Whitman’s operation of reconstruction of the hip (1) 
The trochanter is detached, thus providing a lengthened neck (2) The lengthened 
neck IS placed v ithin the acetabulum, and the trochanter is reattached to the femur 
below Its origiml site 

Capsuloi ) hapliy — Foi capsuloi 1 haphy (which I desciibed m 1921) 
an incision fiom the antenor superioi spine of the ilium to the gieat 
trochantei is used, the tensor fasciae being divided 01 letiacted and the 
capsule antenor to the bolder of the gluteus ineditis being exposed 
Then the long tendon of the rectus fcmoiis is letracted medially and 
the dislocated head is : educed Next an incision is made thiough the 
capsule from the anterior mfenor spine parallel with the neck of the 
ftmui as far as the lateial end of the antciioi intertrochanteric line of 
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the femui If the patient has been up and about until shorth betore 
the operation theie may be considerable excess of joint fluid from 
trauma due to recurrent dislocation Aftei the joint fluid has been 
\Mped a^^a^ the capsule is detached from its insertion along the anterior 
intertrochanteric line, and the triangular flap of capsule thus formed 
IS dran n lateralh and postenorh superficial to the unopened portion ot 
the capsule on the upper surface of the neck, this portion ot the 



Fig 19 — Henrietta Eichelberger aged 36, on April 7, 1929, fi\e ^ears after 
reconstruction of the left hip for nonunion of the neck of fire months duration 
Mas out of hearj work for one rear after operation shortening 1 cm slight limp, 
toes forward flexion to 110 degrees full extension rotation normal Climbs 
easilj o\er fences and on to chairs Some stiffness in damp weather 

cajisule has become thinned and stretched b\ the upward jiressure ot 
the dislocated head in the patient’s attempts at walking The flap ot 
the capsule is thus oterlapjied o\cr the weakened portion and is held 
securely in place with mattress sutures ot chromic catgut In all three 
of 111} patients I hare found tliat when this suturing was completed it 
was impossible to luxate the head eren when eftorts were made to do 
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so with the femm m adduction, pieviously the most unstable position 
Aftei closure of the soft parts in layers, the hip is diessed in plaster of 
pans while in abduction The limb is piotected by plastei for about 
three months, and walking is giadually resumed All my patients have 
had lathei extensive paralysis lowei in the same limb, and m two of 
them both lower limbs were the site of infantile paralysis 

Excision — I have used many diflfeient incisions for excising the 
head of the femui, but I prefer that of Lambotte, this gives adequate 
exposure and ample provision foi diainage, in septic cases, from the 
angle of the incision 



Fig 20 — Transfer of tensor fasciae latae to great trochanter, to overcome 
paralytic outward rotation right hip The scissors pass under the tendon of 
the tensor fasciae 

For Septic Osteomyelitis or Tuberculosis The capsule is already 
ruptured, the head often lying loose in the acetabulum as a sequestium 
The head is easily removed b}”- the fingers, a curet oi sequestrum 
forceps Then so much of the neck and tiochanteiic poitions of the 
femur are lemoved as seems indicated to secure free diainage of the 
hip joint The lione should be removed subperiosteally so far as 
possible, in the hope that some of it may legenerate This legeneration 
is the rule, at least to some extent, in cases of septic osteomyelitis 
(figs 8, 9, 10, 11 and 12), but it may also occur in some cases of 
tuberculosis The joint is drained by a tube the upper limb of the 
incision being closed by interrupted sutures, but most if not the whole 
of the lower limb is left unsutured Buck’s extension is applied, and 





Fig- 21 — Transfer of tensor fasciae The tendon has been cut and the muscle 
raised, careful 1\ preser\ing its inner\ation 



Fig 22 — Transfer of tensor fasciae The muscle is dra\\n beneath the iliotibial 
band and through an incision in the fascia lata posterior to the iliotibial band 
The muscle is then sutured to the great trochanter and to the o\erhing lascia 
nhile the limb is held in slight internal rotation 
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the limb is immobilized m model ate abduction and neaily full extension 
Recumbency is continued until the hip becomes stable, and the drainage 
tract IS nearly oi quite healed This may lequiic several months The 
patient is then allowed to be about with piopei appaiatus, which may 
be discarded m most cases m a year oi eighteen months The patient 
may lequiie a crutch or a cane for some time longei, but usually within 
a yeai or two he is able to be aiouiid without suppoit (figs 13 and 14 ) 
For Nonunion of Fiactures of the Neck The Lambotte incision is 
used, but as the capsule is not alieady peif orated, it must be opened 
This IS best done paiallel with the neck and thence medially and 
lateially along the anterioi inteitiochanteiic line Next the line of 



A B 

Fig 23 — A, panlytic outward rotation in a boy (Arthur Simpson), aged 6 
jears B, same patient tw'o montlis after transfer of tensor fasciae into great 
trochanter The result w'as maintained fourteen jears later 

fiacture is identified and is opened with a periosteal elevatoi or chisel, 
I)\ strong outtvard rotation of the thigh, it is possible to exjiose the 
fractured sui face of the head The capital fiagment may slip back 
and foith m the acetabulum, and unless propei instruments are jiro- 
Mded ma\ be difficult to extract In using Lambotte’s corksciew 
(devised by him for this purpose) I hae'e been a little disappointed to 
lind that it will not catch hold in a ver\ atrophic head, nor have I found 
that Rambotte’s s])oon used in conjunction w’lth the corkscrew', much 
laeilitates the extraction of the head On the whole, I have found it 
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Fig 24 — I Toscpli Thonns iged 13 flail-hip trom iniantile parahsis B 
same patient one \ear after arthrodesis and fixation b\ two Lambotte self-boring 
screws The screws are still in place two \ears after operation 



Tig 25 Arthroplasty case 1 Toseph Hall aged 20 (1916') one \ea- alter 

arthroplasty of the left hip tor bony ankylosis trom gonococcic arthritis 
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easiest to depend on Esmarch’s large gouge, with which the hgamentum 
teres may be cut and the head levered out of the acetabulum with little 
difficulty 

When the head has been exti acted, the capsule is closed, and the 
incision in the soft parts is sutured m layeis, without diamage Buck’s 
traction apparatus is applied, and the limb is kept m moderate abduction 
and full extension The patients may leave bed as soon as the soft 
parts are firmly healed, by the end of the thud week, they should be 
able to be about with crutches 

Open Reduction — For a long time I used Lambotte’s incision in 
doing open reduction of congenital dislocations of the hip, but I found 



Fig 26 — Artliroplasty, case 6, Mane Davenport, aged 16 (1915) bony anky- 
losis from “typhoid fever” six years previously (staphylococcic osteomyelitis) 
See figure 27 

it so incontenient to suture this incision while the limb is held in flexion 
and abduction (the so-called “frog position”) that I have been glad in 
m\ later operations to use Smith-Peterson’s incision (1917) which is 
a modification of, and an improvement on, that described by Sprengel in 
1897 (figs 3 and 4) 

1 In the cases of recurrent luxation, subluxation or simple incon- 
gruence between the head and the acetabulum, it is often sufficient, as 
Gill pointed out mereh to turn down over the too shallow acetabulum a 
roof of bone with its attachment close to the upper lip of the acetabu- 
lum the surgeon enters his chisel or gouge as far aboie the acetabulum 
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as he \ms1ks the width ot this roof to he euttin- rather deeph into the 
PcIms (tile bone iiist ahoie the acelainthini is thick) he outlineb 
caiitioiish a flap ot hone and t^radualK pricb its upper border loose 
ironi the pehis taknur trreat care not to Iracture its lower attachments 
entireh free To hold this root down o\er the head Gill takes tree 
transplants (chijis of bone) troni the alrcadi bared iliac crest and 
wedges them into the gap Iietwcen the bone flap and the pehis The 
hip is dressed in plaster ot pans m the flexed and abducted position 
and the soft parts are closed m la\crs without drainage The atter- 
treatment is conducted as usual ni cases ot congenital dislocation ot the 



Fig 27 — Same patient as in figure 26, fir e months after arthroplastr 

hip in childhood Both hips should not be operated on at the same 
sitting An interval of sereral months should be allowed to inteiaene 
2 In cases of irreducible congenital dislocation in children less 
than 10 jears of age, it is necessar} to open the capsule incise the 
hourglass constriction betw een the pouch m w hich the head lies and 
the acetabulum, and usualh to clear the latter of cartilage and debris 
If the head cannot be made to enter the acetabulum without undue 
force or repeated attempts at reduction the surgeon will do well not 
to persist in such attempts but to resort to one of two remedies (a) 
to remoie the head, transplant the trochanter and thrust the end of 
the neck into the acetabulum (i e the reconstruction operation) or 
(b) to make a new acetabulum aboie the old into which the head or 
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I'lg 28 — \rthoplast\ , case 7, Charles Lamb, ageJ 22, pathologic dislocation of 
the left hip following acute pol} arthritis one \car previouslj Upper photographs 
(1917) before arthroplasti , lower photographs two and one half months a*ter 
arthroplasti 
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tliL ''tump ol iIk iKck cm he ])lacc(l without cliriicult\ (fig 15j A,b 
nlrcnd\ ''tatofl m one ol m\ eases tkath occurred Irom shock due to 
prolonged ettoits u re'duetion m a girl aged 13 

Oe/<or/(7\M (\n7oletti) — The technic ot osteoclasis has alread\ 
Iieeii descrihed 

O^tioloiin — Open Osteotonu Through the Xeck I ha\e usualh 
empio\ed .m incision liom the anteriot superior spine to the great 
trochanter In fat patients this scarceh gi\es suflicient exposure but 
the incision mat he extended easih into Lambotte s ttpical incision, or 
one mat use the mcision ot Smith-Petersen The capsule is exposed 
lateral to the long tendon ot the leetus it is opened in the long 



Fig 29 — ^rthroplasu, case 8, Man Bailei aged 22 eight months after 
arthroplasti for bon\ ankilosis from gonococcic arthritis (See hgnres a 
for roentgenograms of this patient) Traced for nine rears no imp no 
abilitr , flexion to 90 degrees, full extension, abduction 20 degrees rota ion 


axis of the neck along the upper border ot the latter and is detache 
from the anterior intertrochanteric line , the flap of capsu e is uri 
forward The neck thus exposed usualh is found (in cases o coxa 
vara due to epiphyseal separation of the head or in those ue to r 
of the neck in infanct ) to present an anterior and a superior con 
the limb being in outw^ard rotation In one case ( i es ) sa 
distinct line of fracture at the apex of the cer\ica e ormi ' 

though the injury dated back two rears In the cases ue ° P 
separation of the head there is little or no motion in 
of fracture through the neck in infancy there is usualh free 
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extension, only abduction being lost ® The wedge of bone to be 
removed fiom the defoiined neck should be caiefull}'^ calculated as to 
its width, its depth and its direction so that the gap may be accuiately 
closed by abduction and mteinal rotation of the femui In cases of 
epiphyseal separation the capsule is adheient to the neck, but in fiac- 
tuies of the neck it is not, and aftei the osteotomy it may be closed by 



Fig 30 — Bone peg for nonunion, case 3, Isaac Baehr, aged 52, nonunion for 
t\\ eh e months 

8 M\ obser\ations confirm those of Wliitman, who pointed out that in cases 
of fracture of the neck usualh occurring before the age of 10 jcars, there had 
been a sc\erc injur\ followed h\ immediate dlsabIht^, hut that later there remained 
onh lost abduction fixed external rotation, hmp and shortening, flexion and 
extension being preser\ed, whereas in cases of epiphjseal separation of the head, 
which occurs after 10 ^ears of age there is a historj onl^ of slight injur}, with 
little immedi ite disabiht\ but that the hip becomes stiff in external rotation, due 
to disorganiration of the joint 
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Miturc ] lit limb is dressed m nlKluction in plaster ot pans and is 
iininohilircd tni two months at least l'\cn in cases ot epiph\seal 
separation a tair ranerc ol motion ma\ he expected to detelop but not 
such tree motion as in cases ot tracturc ot the neck Ot course it bom 
anktlosis (trom o'-teonixchtis or other cause) exists at the time ot the 



Fig 31— Same as figure 30, two and one-half months after operation 


Operation, all that osteotom} accomplishes is improe ement of the posi- 
tion of the limb, as regards both external rotation and adduction 

Open Osteotome Below the Trochanters Sufficient exposure is 
obtained bt a straight incision of moderate length along the outer sur 
face of the great trochanter It the femur is m marked external 
rotation, this incision will expose the anterior rather than the lateral 
surface of the shaft, and the proper intermuscular space should be 

sought 
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(a) If collection of adduction alone is desired, a wedge is removed 
from the lateial boidei of the femur between the two trochanteis, care 
being taken not to deepen the wedge too far towaid the median bordei 
and to make all the bevel of the wedge at the expense of the upper frag- 
ment, cutting the distal section transverse to the long axis of the shaft 
(fig 16) Enough bone fibers should be left intact on the median bol- 
der to allow a greenstick fracture to be produced, thus preventing the 
lower fragment from slipping past the uppei into the adductor legion 
This accident occurred in one of ni}'^ patients, but owing to his youth 
(7^2 years) no disability resulted except some increase in the shorten- 



Fig 32 — Same patient as in figures 30 and 31, one year after operation 


mg of an already short extremit}', m accoi dance with Wolfe’s law, the 
displaced tragments became well lounded off, union was bony and all 
the mot ements in the joint had nearly their normal range 

(b) If correction of external rotation only is desired, I have found 
It useful to dnide the femur by an inverted V osteotoiu} , owing to the 
spongy character of the bone the lower fragment may then be rotated 
inward on the upper, without feai of separation of the ends of the 
bone (fig 17) 

Subcutaneous Osteotoni} of the Femur for Defonnit) at the Hip 
I ha\e nc\tr cmploied subcutaneous osteotoni} through the neck of the 
lemur the original Adams' operation (1871), as I prefer the sub- 
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trochanteric site recommended b\ Gant (1872) though I use Adams’ 
knite and saw m preference to the osteotome used bt Gant In tuber- 
culous ankclosis m which cases particularh this method is advisable 
to coriect dctormit\ , I beheie that there is less risk ot causing a renewal 
of trouble m the hip joint after the operation with the saw than when 
a hammer and osteotome are emploj ed The onh instruments required 
are the knife and the saw origmalh used In Adams, the knite with 
a short blade and a long handle is inserted directh against the outer 



Fig 33 — Excision of the right hip for acute osteom\ehtis case 4 Fred 
Freund, aged 17 roentgenogram three and one half rears after operation Upper 
end of femur not in acetabulum 


surface of the femur just below the let el of the lesser trochanter (about 
4 cm below the tip ot the great trochanter) This is nearer the pehis 
than ill the normal case owing to the destruction ot the head and neck 
of the femur bt disease The knite is then carried across the anterior 
surface of the femur clinging closeh to the bone and not passing 
becond its medial surtace into the adductor region Betore this knite 
IS withdrawn \dams saw (one with a lerc short cutting surface) is 
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Fig 34 — Same patient as figure 33 hip stable and m good position, good 
range of motion 



Fig 35 — Jacob Saloner aged 17 , in September, 1928, three jears after cunei- 
form osteotom\ of the neck of the right femur for coxa a an from slipped 
tpiplusis See figure 36 
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I ig 35 — Simc p iticnt is in figure 35 


or impossible to insinuate it again into tlie saw hne preMOush cut 
ha\e never had the opportunit\ to tr}' nn skill at reinserting the saw 
because I have found the femur easil) broken in all cases before remo^a 
of the saw It is helpful to ha'i e the sound limb flexed firmh on tie 
pehis m order to steade the latter, while the greenstick fracture ot 
femur on the deformed side is completed The wound whici 
mere puncture, requires onl) a single suture If desired the bmb ma} 
be brought further into abduction b) the subcutaneous tenotonn o i 
adductor muscles, close to their origin from the pelvis 
Reconsh nation —I haAC used Lambotte’s incision m 
h'ent^-se^en operations for reconstruction, m four I hare use 
Petersen’s incision and in twm the modification of AV hitmans 
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which I have aheady desciibed I have piefened Lambotte’s incision 
especially in pathologic dislocations due to tubeiculosis and those fol- 
lowing septic osteomyelitis, with open sinuses I believe that this 
incision IS less apt to spiead infection into the soft paits than Smith- 
Petei sen’s incision The lattei, howevei, has the gieat advantage of 
exposing the pelvis above the acetabulum, the legion whence a loof of 
bone may have to be tui ned down , hence it is preferable to Lambotte’s 
or to Whitman’s (modified) incision in many cases of congenital dis- 
location Whitman’s modified incision gives adequate exposuie foi a 
simple leconstruction opeiation alone, and anatomically is moie coiicct 



A B 


1 ig 37 — Osteotomy below trochanters for ankjlosis in outward rotation, from 
ostcomjelitis Rose Wcmck, aged 14 jears A, before, B, ifter operation 

than Lambotte’s in that it turns the entire tensor fasciae muscle back- 
ward instead of dniding it I should have used it oftenei had I not 
been familial with Lanibotte’s method befoie Whitman pulilished a 
deseription of his leconstruction operation 

Lxjiosure having been gained, the head of the femur (if not 
preMotish destro\ed b\ disease or remoeed by operation) is excised 
and the gieat troehanter is cut oil with an osteotome or saw' at sueh 
an angle is ma\ ser\e to jiroMde the longest stump of neek for inser- 
tion into the acetabulum 1 he section of the trochanter usually should 
be made jiarallel with the iqiper border of the neck (fig IS), hence 
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Fig 38 — 4, osteotomj below the trochanters or the right femur to o\ercome 
outward rotation, four ^ears after bloodless reduction of congenital dislocation ot 
both hips The patient was 13 jears old at the time of operation m 1925 
the roentgenogram was taken in 1929, when the patient was 16 B beiore 
and C, three ^ears after osteotome of the right femur to o\ercome outward rotation 
The left femur is still in outward rotation 
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the neck should be well cleared before the trochanter is detached The 
acetabulum is next cleared of scar tissue, and is deepened if necessary 
by gouge Then the stump of the neck is placed inside the acetabulum, 
Esmarch’s gouge being used as a combined lever and skid if reduction 
cannot easily be made by manipulation alone In cases of pathologic or 
congenital dislocation, the previous detachment of the trochanter makes 
it much easier to bring the stump of the neck down to the normal 
acetabulum The thigh is now kept in moderate abduction (from 20 
to 30 degrees) while an area on the lateral surface of the shaft of 
the femur is denuded of its periosteum, and the great trochanter is 





Fig 39 — Recent subcutaneous subtrochanteric osteotomy (Adams-Gant) for 
ankilosis in flexion following a reconstruction operation for pathologic dislocation 
(reconstruction for tuberculosis, case 7), seven years previously Betty Shaeffer, 
aged 16 

applied against it In many cases it is sufficient to suture the fascia 
and muscles over the trochanter, which stays easily in its new position , 
but if it does not fall easily into place it may be sutured to the femur 
by chromic gut, or may be fixed to it by means of Lambotte’s self- 
boring screws (fig 19) Of course, the latter should not be used in 
tuberculous or septic cases The soft parts are then closed in layers, 
vitbout drainage, and the limb is fixed in plaster of pans in the stable 
position of abduction 
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If it IS eMdent that the femur cannot safeh or successfulh be 
restored to the acetabiihmi the surgeon wll ha^e to uhhze the false 
acetabulum in uhicli it alreadr articulates (fig 15) if none such exists 
he uiil hate to make a neu one preferabh near the anterior inferior 
spine so as to bring the axis of t\ eight-beanng suffiaenth far forward 
on the pelns to pretent continuance of the back strain from the 
lordosis ttliich ttas present before the operation ttas undertaken In 
either case, if the new acetabulum cannot be made sufficientlt deep or 
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Fig 40 — Subciittneouc subtroclnntenc o‘=teotomt (Adtms-Gtnt) for patho- 
logic dislocation from tuberculosis Catharine Quinn, aged IS, 1014 Poor 
result , reconstruction operation done one \ ear later 

if the neck cannot be made suffiaenth long to secure good stabiliti 
(as IS often the case) a root of bone should be turned dowai oaer it 
If I had employed tins adjiuant for deepening the acetabulum in cer- 
tain cases I am sure that reluxation nould not haae occurred 

Transfer of Tensor Ta^ciai Funons — I emploaed transfer ot 
tensor fasciae femons first in 1911 soon after Daaas described it An 
incision about 10 or 12 cm long is made obliqueh dowaiward and for- 
ward o\er the subcutaneous surface ot the great trochanter while the 
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limb IS held m cxticme inteiiial lolatioii, the f.iscia l.ita being exposed 
Ihioughout the length of the incision d he femur is then allo^\ed to 
fall into extieme extein.il rot.ition, thus bringing into the field of opera- 
tion the lowei jioition of the tensoi f.isei.ie 'Ihe anterior and posterior 
boideis of this muscle aie then identified (fig 20), and the insertion 
of the muscle into the fascia lata is dnided below the lowest muscular 
fibers, the muscle w'lth its attached tendon, is cautiously dissected 
upwaid, great care being taken not to injure the nerve supply which 
enters from its posterior border about half w'ay between the crest of 
the ilium and the great tiochanter (fig 21) A longitudinal slit is then 
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Fig 41 — Reconstruction of the lelt hip for tuberculosis, with sinuses Hilda 
Nauyokat, 16 A, before operation , B, after operation 


made through the fascia lata over the gieat trochanter, and the freed 
tensor fascia is pulled through this slit from its deep surface outward 
(fig 22) Then, while the femur is held so that the toes point directly 
forward, the transplanted muscle (under some tension) is sutured to 
the subcutaneous surface of the great trochanter In children the tro- 
chanter IS cartilaginous, and an ordinary fascia needle penetrates it 
easily even up to the age of 15 or 16 Finally, the free end of the 
tensor fasciae, protruding from the slit in the fascia lata, is turned 
forward and sutured securely to the band of fascia lata (iliotibial band) 
beneath which it has been previously passed The skin is then closed. 
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and the limb is dressed in plaster ot pans in the position of internal 
rotation and slight abduction The plaster cast is removed in six or 
eight \\ eeks, and the patient is allowed to use the limb (fig 23) Usualh 
there is additional paraljsis in the foot or leg and of course apparatus 
may be required for this 

RESULTS OF OPERATIOXS OX THE HIP JOINT 

Aj thi odesis — Six operations were performed The first and third 
were done by Albee’s original method (1908) , the second, b} the 
remoi al of articular cartilage , the fourth w ith bone pegs and the fifth 
and sixth with Lambotte screws 



Fig 42 — Same patient as in figure 41 , roentgenogram four and one half ^ears 
after operation 

C\SE 1 (1913) — Abel, a woman, aged 43, was operated on for Charcot hip 
The patient became maniacal soon after operation (s^phIIltlc cerebntis') and 
was transferred to a hospital for the insane Ankalosis did not result 

C\SE 2 (1917) — Whipple a boj aged 16 (same patient as m case 4) had a 
flail-hip resulting from anterior poliom\ elitis The head and acetabulum were 
denuded of cartilage The result was no ankalosis 

C\SE 3 (1920) — Mallon, a woman aged 45, was operated on, according to 
\lbec s original method for h\pertrophic arthritis She was traced for eight 
\ears, and the following conditions were noted slight limp, no pain, she led a 
normal life The hip was stiff 

C\SF 4 (1920) — In \Mupple a man aged 20 (same patient as m case 2) 
there was a failure of the preMous operation The bone pegs were made to transfix 
the femur and to enter the pehis The result after nine rears, was the hip was 
ankrlosed but still required apparatus for residual parahsis 
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Case S (1922) — Heckler, a man, aged 20, had a flail-hip from anterior polio- 
myelitis, complicated by recent subcapital fracture of the neck of the femur 
Fixation was done by one Lambotte screw, througli both fragments into the 
pelvis The result, after six jears, was hip stable, flexion to 150 degrees, full 
extension, he could move the thigh by moving the pelvis 

Case 6 (1927) — Thomas, a boy, aged 13, had a flail-hip from anterior polio- 
myelitis Fixation was done by two Lambotte screws The result, after two 
years, was bony ankylosis , he was able to move the thigh by the pelvic muscles 
(fig 24 A and B) 

Aithioplasty — Foui of my eight opeiations were failures, resulting 
in ankylosis (three) or pathologic dislocation (one), and four successes, 
three of them very successful, and one moderately so 
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Fig 43 — Reconstruction of the left hip for tuberculosis, with sinuses RaMUond 
Dietz, aged 16 A, before operation, D and C, five months after operation See 
figure 44 

Case 1 (1915) — Hall, a boy, aged 19, had gonococcic ankjlosis of the left 
hip for o\er one \car, there uas no destruction of bone or deformity The last 
note, one \ear after operation, vas he still used a cane on the street, but went 
upstairs leg o\er leg, there was flexion to 110 degrees also full extension and 
normal rotation abduction was 75 per cent of normal He did not limp, the hip 
felt a little weak \ cer\ good result obtained (fig 25) 

C\sr 2 (1915) — Sholle\, a girl, aged 13, had a pathologic dislocation of the 
leit hip, lollowmg multiple arthritis (not tuberculous) The result was fibrous 
ank\losis (see case 4) 
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Case 3 (1916) — Sholle\, a girl, aged 13, had a bonj ankylosis of the right 
hip (100 degrees fle'^ion) following multiple arthritis The result was bon\ 
ankj losis 

Case 4 (1920) — Sholle^, a girl, aged 18, presented a fibrous ankj losis of the 
left hip following an attempt at arthroplasty fi\e years pre\iously (case 2) A 
free flap of fascia lata was used at the second operation The result was a 
pathologic dislocation 

Case 5 (1921) — Shollei, a girl, aged 19, had bom anki losis of the right hip 
following an attempt at arthroplasty fi\e lears preiioush A free flap of fascia 
lata was used at the second operation The result was gangrene of the foot 
from the use of adhesne plaster extension apparatus, amputation ot the leg was 
performed and resulted in ank\ losis of the hip 





big 44 — Same patient as in figure 43, eighteen months after operation excel- 
lent stable limb Death irom pulmonary tuberculosis three lears after operation 

As a result of the second, third, fourth and fifth operations, the patient in 
January, 1929, fourteen lears after the first operation, wore an artificial leg on the 
right and used a crutch when on the street She stood all dai at work The right 
hip was in good position with bony ank\ losis, the left hip was in pathologic 
dislocation and rather unstable 

Case 6 (1915) — Daienport, a girl, aged 16, had bom ankylosis of the right 
hip m flexion and adduction as a result of osteomyelitis six lears preiiously , the 
sinuses had been closed for six months (fig 26) -V culture irom the granulation 
tissue at operation showed staphi lococcus The patient was traced for two lears, 
she showed no symptoms and fair motion, she had a perlecth useful limb and 
scarceh limped , she w ore a high-soled shoe (fig 27) 

Case 7 (1917) — Lamb, a man, aged 22, had a pathologic dislocation following 
acute poll arthritis one a ear preaiousU The results (lour a ears) aaere no samp- 
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toms, a shortening of 4 cm , flexion of 90 degrees, extension normal, abduction 
of 10 degrees, adduction normal, rotation outward normal and rotation inward only 
to the midline (fig 28) 

Case 8 (1920) — Bailey, a woman, aged 22, had bony ankylosis of the left hip 
in adduction, from metastatic (gonococcic?) arthritis, the duration of the con- 
dition was eight months There was no destruction of bone The result (nine 
years) was she used a light “ornamental” cane for eight jears (on the street 
only) and no cane for the last year There were no symptoms Other results were 
flexion to 90 degrees, full extension, abduction 20 degrees, and free rotation (figs 
6, 7 and 29) 

Bone Peg <; — Five operations were peifoimed foi nonunion of neck 
of the femur 



Fig 45 — Reconstruction of the left hip for tuberculosis with sinuses Arthur 
Saunders, aged 17, in 1917, before operation 

C'VSE I (1913) — Cartlidge, a man, aged 30, for seven months had walked only 
with crutches There was disabilitj for more than eight months after the opera- 
tion There was a fracture of transplant fi\c months after the operation Solid 
union and good range of motion resulted 

Casf 2 (1915) — KelK, a man, aged 42, whose condition was of clc\cn months’ 
duration, walked onh with crutches He was traced for eight months, with the 
following obscr\ations he walked with a cane, the hip was stable, a shortening 
01 5 5 cm was present Motion was limited in all directions 

Casf 3 (1915) — ^Baehr, a man, aged 52, whose condition was of twelve 
months duration used crutches until three months before the operation, then a 
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cane He ^\as traced for eighteen months, motion i\as good, and the hip was 
stable (figs 30, 31 and 32) , he used a cane for one jear after the operation He 
worked all da^ 

Case 4 (1919) — Smith, a woman, aged 58, for nine months had walked onh 
with crutches There was disabihtj after operation for about one jear A good 
result was obserred four jears after operation, for she used no crutch or cane and 
there was practicalh no limp 

Case 5 (1919) — Lawler, a woman, aged 50, had a condition oi two and a 
half months’ duration There was disabilitj after operation for about two jears 
The result, ten jears after operation, was hip stable, flexion to right angle 



Fig 46 — Same patient as m figure 45, three jears after operation He was 
active on the stable limb for eight jears after operation, then was disabled b\ 
pulmoiiari tuberculosis, from which he died ten and one-half jears after operation 
See also figure 47, A and B 

abduction 30 degrees, rotation almost normal and 5 cm shortening She used a 
cane on the street This was a fair result 

Bone Iviplauts — A case of fibrous osteitis of the trochanters and 
neck occurred in a woman named England She was disabled b\ pain 
and limp 

C\sE 1 (1922) — A. woman aged 21 after se\en \ears had no limp or disabiliU 
The roentgen n\s showed the bone still thickened, but nearh normal 
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Capsuloiihaphy — Three opeiations were pei formed foi reciuruit 
(habitual) paral3dic dislocation of the hip 

Case 1 (1913) — In Reese, a boy, aged 5 years, there was no recurrence, the 
hip was stable Death occurred from intercurrent disease sixteen months after 
operation 

Case 2 (1916) — Williams, girl, aged 17, operated on for recurrent paralytic 
dislocation of the hip, did not experience a recurrence The hip was stable one 
year later 

Case 3 (1920) — Brailey, a boy, aged 11, operated on for recurrent paralytic 
dislocation of the hip, had no recurrence The hip was stable seven years later 



A B 

Tig 47 — Same as figure 45 and 46 A, pathologic dislocation from tuberculosis 
in 1917, before operation B, three ^cars after operation 

Excision — A For Nonunion (Three Cases) 

Casf 1 (1925) — Smith, a woman, aged 64, for four 3 ears walked onh with 
one crutch She went home about ten dais after operation She was traced for 
four lears There was a shortening of 2 5 cm , she did not have pain, and she 
walked without support doing her own housework This was a good result 
Cast 2 (1920) — Welsh, a man aged 64, for ten months walked onlj with 
crutches, there was much pain He was traced for three vears He walked 
lairh well with a cane and he was perfccth satisfied with liis improiemcnt since 
the operation He worked as a night watchman This was a fair result 

C\sf 3 (1927) — Latwinski iged 46 had poor renal function and had been dis- 
abled ror more than two \cars The patient walked onh with crutches and 
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experienced much pain The patient was traced for two lears, at which time he 
could walk without support He was considered a malingerer This was a fair 
result 

B For iMalunion (One Case) 

C'^SE 1 (1921) — Brzezmski, a man, aged 45, had a condition of three j ears’ 
duration He was traced for eight months The result was good 

C For Acute Osteom) elitis (Six Cases) 

Case 1 (1914) — In Vuian, a boj, aged 15, the trochanteric region was gut- 
tered fi\e da\s after onset, the hip was excised eighteen dajs later One lear 
later, there w as no deformitj except shortening, but he had a dreadful limp , the 



Fig 48 — Pathologic dislocation of the left hip from osteomj elitis m infancy 
Lawrence Scheff, aged 5 jears, in 1919 

femur was sliding up and down on the pehis for about 5 cm (see case 1, 
Reconstruction for Pathologic Dislocation) 

Case 2 (1915) — King, a boj, aged 9 \ears, had an acute condition Death 
occurred, from the continuance of sepsis, nine hours after operation 

C\SE 3 (1919) — Vedro, a boj, aged 12, had an abscess in the adductor region 
drained two weeks before excision of the hip and one week after the onset of the 
disease (fig 9) The great trochanter and neck of tlie femur were reformed 
after excision (figs 10 and 11) He was traced for ten \ears, and at the end 
of that time he showed a %er\ slight limp and a shortening of 1 cm , the hip 
was stable, there was good function, and the sinuses finalh healed about four 
^ears after operation This was a good result (fig 12) 

C'iSE 4 (1925) — In Freund a bo\, aged 17, the femur was drained about four 
months preMoush for acute ostcomi elitis , a pathologic fracture occurred beiore 
excision of the upper end of the femur was done He was traced for four 
\ears at which time the hip had been healed for two \ears, the hip was 
stable, there was flexion to 50 degrees and full extension, there were a shortening 
of 65 cm and a moderate limp he did not use a cane and could walk lor two 
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hours at a stretch , there was no disability The result was good, but the femur 
was not in the acetabulum (figs 33 and 34) 

Case 5 (1928) — In Schrawder, a girl, aged 9 years, the right hip was drained 
about SIX months previously for acute osteomyelitis There was bilateral patho- 
logic dislocation of the hips, a sinus on the right with necrosis of the head and 
no sinus on the left (“silent osteomyelitis”) The dislocation on the right was 
reduced by Buck’s extension, then the necrotic head was excised Later recon- 
struction was done on the left hip As a result, the right hip was stable, a stump 
of the neck was in the acetabulum, and the sinus was healed 

Case 6 (1929) — In Ashton, a boy, aged 7 years, the left femur was guttered 
for acute osteomyelitis fifteen days after onset, excision of the hip was done 



Fig 49 — Same as figure 48, seven years after operation See also figure 50 


eighteen da>s after the first operation for persisting sepsis Recovery occurred, 
but the patient is still under treatment 

D For Tuberculosis (Seven Cases) One death from tuberculous 
meningitis occurred two months after operation 

Case 1 (1906) — Elhngson, a boj, aged 6 >ears, had an operation for sinuses 
and secondarv infection He was traced longer than two years, at whicli time he 
was using crutches, there was no sinus 

C\SF 2 (1907) — Brennan, a boj, aged 6 jears, had an operation for sinuses 
and secoiular\ infection He did well for six weeks Tuberculous meningitis and 
death occurred two months after operation 

C\SF 3 (1914) — Saeage a bo\ aged 9 jears, was operated on for sinuses 
and secondare infection lie lued for more than three jears after opcrition, 
hut the sinuses never closed, death occurred from ameloid disease 
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C\SE 4 (1915) — In Shafer, a man, aged 41, the pehic bones were diseased, 
there were sinuses and secondaiw infection The sinuses ne\er healed, death 
from pulmo^ar^ tuberculosis occurred in less than two lears 

C\SE 5 (1919) — Fleet, a man, aged 29, had a sinus for one month before 
operation There was disability for about one year after operation He used a 
cane for eighteen months or tyyo years Eighteen months after operation he 
yyeighed from 185 to 190 pounds (83 9 to 862 Kg) (height 5 feet 6 inches [1676 
cm ] ) He yy as traced for nine and a half j ears at yy hich time he y\ orked half 
time, sitting doyyn, the yy eight yyas stationary (from 185 to 190 pounds), the 
hip yyas stable, he yyent up and doyyn stairs leg oyer leg, he did not use a cane, 
he shoyy ed good station, and had a moderate limp The hip flexed to 100 degrees 




Figure 50 Figure 51 

Fig 50 — Same as hgures 48 and 49 seyen years after reconstruction lor 
pathologic dislocation from osteomjehtis m infancy ankjlosis in good position 

Fig 51 — Paraljtic outyyard rotation of the left lo\yer extremity, six years 
after transfer of the tensor fasciae to the great trochanter Leonard Coester aged 
13 (1921) 

and extended to 180 degrees, abduction yyas 30 degrees, rotation yyas lair (figs 
13 and 14) The result yyas good 

CysE 6 (1921) — Jarrett, a yyoman, aged 36, had ankylosis, yyith pain and 
deformity She yyas traced for seyen years, a sinus persisted until fiye years 
after operation, she did her regular yyork, there yyas no disability, except a limp 
and shortening of the leg The result yyas good 

Case 7 (1926) — Seeberger, a boy, aged 11, had sinuses yyith secondary inicc- 
tion After excision he yyas sent to the Home for Consumptnes at Chestnut Hill, 
Philadelphia, for tyyo years (heliotherapy) He yyas traced lor more than three 
y ears , all the lesions had been healed for one y ear , he used a brace and 
crutches, he yyas still under treatment 
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Open Reduction — Thu teen opeiations weie peifoimed, one death 
from shock resulted 

Case 1 (1908) — Passoloqui, a girl, aged years, was traced for one year, 
the dislocation recurred, but the hip was more stable She was much impro\ed 
Case 2 (1913) — Strassbaugh, a girl, aged 11^2, was traced for sixteen years, 
the dislocation recurred promptly, but since five years after operation she had 
led an ordinar}" life She sometimes had pain m the hip, and she was unable to 
walk for a time She was 28 at the time this article was written 

Case 3 (1915) — In Kiisch, a girl, aged 3 years, the dislocation was recurrent 
after a bloodless reduction She was traced for fourteen years, at which time 
she had a scarcely visible limp and normal movements , there was no pain or 
disability, the head was in a good false acetabulum on each side of the pelvis 
Case 4 (1920) — Pipps, a bo 3 % aged 11, was not traced 
Case S (1920) — Di Girolomo, a girl, aged 11, was traced for two j^ears, 
reduction was maintained, there was a notable limp but no pain, the thigh was 
in external rotation of 45 degrees, there was full extension, with flexion to 150 
degrees , no abduction or adduction was present 

Case 6 (1920) — Yeoman, a girl, aged 8 j'ears, had an operation on the right 
hip The dislocation recurred (case 8) 

Case 7 (1921) — Yeoman, a girl, aged 9 years, had an operation on the left 
hip She was traced for eight years, at which time reduction was maintained, 
there was no disability 

Case 8 (1922) — Yeoman, a girl, aged 10 years, had a second open reduction 
of the right liip, the dislocation recurred She was traced for seven years, at 
which time there was a moderate limp, but no disability 

Case 9 (1921) — Clark, a boy, aged 6 years, was traced for two and a half 
3 'oars, the hip was nearly stiff and in good position, reduction was mamtained 
Case 10 (1921) — In Bauer, a girl, aged 8 years, the dislocation recurred 
promptly, a reconstruction operation was done one month later (see case 1, recon- 
struction for congenital dislocation) 

Case 11 (1922) — In Drenner, a girl, aged 5 years, the condition recurred nine 
months later She was traced for seven years , there was still a slight limp and 
some pain at times, the hip was stable, there was no disability (aged 12) 

Case 12 (1922) — Dovas, a girl, aged 9 years, was not traced 
Case 13 (1923) — In Wile 3 ", a girl, aged 13, death occurred from shock fi\e 
hours after operation, at which time reduction was secured only after much 
manipulation 

Suinniaiy — Theie aveie seven recurrences of the dislocation among 
ten traced cases, two avere not traced, and one death occurred from 
shock In tw'o of the patients in avhom reduction was maintained, 
the hips are nearly stiff, the operations having been done wdien the 
patients were 11 and 6 a ears respectia ely , only in the patient avho avas 
operated on at the age of 3 a ears has normal motion been preserved, 
and aet the head is in a false acetabulum In fiae of the seven recur- 
rences the hips aaere fairl} stable, and the patients aa'cre in considerabla 
better condition than before the operation 
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From the aforementioned Aerj poor results of the operation in m} 
hands, it is natural that in most cases I should prefer the reconstruction 
method Er en m the cases in 1 % hich reduction into the true acetabulum 
is comparatu ety easj" to obtain, stable reduction is not maintained 
unless (a) the acetabulum is deepened considerabh or (b) a bom roof 
IS turned down over it from abo\e In the former case a stiff joint is 
the usual result, w'hile the latter plan can often be used to greater 
adrantage in connection with a lalse acetabulum (already existing, or 
made by the surgeon) than with the onginal shallow and deformed 
joint socket 

Osteoclasis (Anzoletti) — As I employed this method of correcting 
rachitic coxa vara in onh one patient (Plummer, a boj, aged 3 jears, 
both hips), it is manifesth impossible for me to conclude an}-thing 
definite as to its results All I can sai is that m this patient the cor- 
rection of the deformit} was adequate and satisfactory, though" the 
necks w ere not restored completely to their normal angle yvith the shafts 

Osteotomy — Fifteen operations yyere performed, yynth one death (on 
the operating table, perhaps from the anesthetic, ether) 

Case S (following) — In a negro girl, aged 12 years, the operaUon (cuneiform 
osteotomi of the neck for bony ank\losis in adduction) was easy to perform , it had 
been completed, and the plaster of pans dressing w as being applied The child had 
been breathing poorly for about fi\e minutes, when she suddenly stopped breath- 
ing and could not be revned Artificial respiration brought a few gasps, but 
there was no pulse and there were no heart sounds, the epigastrium was opened 
and subdiaphragmatic massage of the heart was begun, but the heart was appar- 
ently contracted in s\ stole, and no pulsations could be made to return The 
autopsy showed “status lymphaticus” — enlarged thymus, enlarged spleen and 
enlarged bronchial and mesenteric ly mph nodes , the heart w as normal The famih 
said that se\eral times the child had been “nearly frightened to death” by trinal 
occurrences 

A Osteotomj Through the Neck (Open) 1 “Slipped Epiphysis” 
(Three Cases) 

Cases 1, 2 and 3 — (1916) Dilkes, a girl, aged 13, (1926) Saloner, a boi, 
aged 14 (figs 35 and 36), and (1928) Poiernick, a bo\, aged 13 The three 
patients were obese, and cases 1 and 3 were of the h\ popituitary trpe The patients 
were treated b^ open cuneiform osteotom\ through the neck, an excellent result 
was obtained in two, but the third patient (Poiermck) was still under treatment, 
and was suing for damages for the original injun , the operafaon promised to 
give an excellent result 

2 Coxa Vara (One Case) 

Case 4 (1921) — Sonak a boy, aged 10, had a condition that probabh dated 
from a fracture of the neck in infanm He was treated b\ open cuneiform 
osteofomi through the neck He was traced for eight \ears, there was an 
excellent result He was fond of long ‘hikes” swimming and camping there 
was alwais a slight limp He was killed at the age oi 18 m a railroad accident 
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3 Bony Ankylosis from Osteomyelitis (Two Cases) 

Case 5 (1922) — In Ford, a girl, aged 12, death occurred on the operating table, 
the case was referred to previously 

Case 6 (1928) — Hackett, a boy, aged 19, was operated on because the limb was 
in external rotation He was treated by open curvilinear osteotomy , the operation 
gave an excellent result 

B Osteotomy Below the Trochanters 1 Open Osteotomy (Four 
Cases) 

Cases 1, 2, 3 and 4 — (1928) Santangelo, a boy, aged 7 years, was operated 
on for coxa vara, probably from fracture of the neck in infancy Three opera- 
tions were performed to overcome outward rotation of the femur (a) (1914) 
ankylosis from osteomyelitis in Wenick, a girl, aged 14 (fig 37) , (h) (1920) 
deformity from infantile paralysis in Bitto, a boy, aged 11, and (c) (1925) deformity 
(abduction and external rotation) following bloodless reduction of congenital 
dislocation four years previously in Remley, a girl, aged 13 (fig 38) Excellent 
results were obtained in all four cases 

2 Subcutaneous Osteotomy (Adams-Gant Method) (Five Cases 
of Tuberculosis) 

Cases 5, 6, 7 and 8 — There was apparently bony ankylosis in these four 
patients (1911) Devine, a girl, aged 13, (1916) Dolan, a girl, aged 13, (1924) 
Walker, a girl, aged 12, and (1929) Shaffer, a girl, aged 16 (fig 39) Excellent 
results were obtained in all 

Case 9 — ^There was a flexion-adduction deformity, without ankylosis (1914) in 
Quinn, a girl, aged 17, a poor result obtained, the lower fragment slipping past 
the upper into the adductor region (fig 40) She was later treated by reconstruc- 
tion (case 3, under reconstruction for tuberculosis) 

Reconstuiction — Twenty-seven opeiations were performed, 1 death 
from uremia resulting four days after operation (1927, Hensel, a man, 
aged 59, utterly incapacitated by hypertrophic arthritis) 

A Reconstruction for Tuberculosis (Twelve Operations) 

Case 1 (1914) — Nauyokat, a girl, aged 16, presented pathologic dislocation 
■with sinuses She was traced longer than five years, at which time there was an 
excellent stable limb (figs 41 and 42) 

Case 2 (1914) — Dietz, a boy, aged 16, had a pathologic dislocation, with a 
sinus After operation there was an excellent stable limb (figs 43 and 44) He 
died after three jears of pulmonarj tuberculosis 

Case 3 (1915) — Quinn, a girl, aged 19, had fibrous ankjlosis in bad position 
(case 9 reported under subcutaneous osteotomy below the trochanters) , she experi- 
enced recurrentlj disability through pain, there was no sinus She was traced 
for thirteen ^ears There was an excellent stable limb, she did all her own 
housework, eien scrubbing the floor on her knees 

Case 4 (1917) — Saunders, a bo%, aged 17, had pathologic dislocation with 
sinuses He was traced for ten and a half sears, until death occurred from 
pulmonars tuberculosis He was acti\t on the stable limb for eight years after 
operation (figs 45, 46 and 47) 



ASHHbRST—SLRGbRV OF HIP JOL\T 


141 


C\SE 5 (1917) — Fitzpatrick, a bo\, aged 17, was operated on for pathologic 
dislocation, there was a healed sinus He was traced for four ^ears, and was 
still in good health , he used a cane e\ en in the house , there w as ne\ er anj pain 
C-^SE 6 (1919) — Rakowskj, a box, aged 17, had a pathologic dislocation, with 
a sinus recenth healed The result of the operation was good He was traced 
for two \ears when death occurred from an unknown cause 

C\SE 7 (1922) — Shaffer, a girl, aged 9 \ears, was operated on for pathologic 
dislocation there was no sinus She was traced for se%en jears There was a 
boni ankilosis in flexion of 135 degrees There was excellent weight-bearing 
and no pain, but an abominable limp Adams-Gant osteotom\ was done in 1929 
C^SE 8 (1922) — McMahon, a girl, aged 15, had a pathologic dislocation, but 
no sinus She was traced for seien \ears The limb was useful, but not 
\ eri stable , there w as fair motion , she had to bend the knee to reach the shoe 
She worked full time, sitting down Pam and stiffness were present in wet 
weather Ko crutch or cane was used 

Case 9 ( 1924) — -iMoj er, a man, aged 29, had a fibrous ankj losis in bad 
position, with sinuses, he walked onh with the aid of crutches He was traced 
for file jears, he wrote, “I am as fat as a pig” The sinuses had been healed 
for two ^ears and the limb was stable 

Case 10 (1926) — Rust, a man, aged 21, had a fibrous ankilosis m bad posi- 
tion, with pain, there was no sinus Death occurred after three a ears, he was 
improAed for one a ear, then AAas an imalid The sinus persisted, and he had 
amjloid kidneAS 

Case H (1926) — Blank, a boA, aged 15, had a fibrous ankA losis m bad posi- 
tion He AAas traced for three jears He did aacII at first, then deA eloped sacro- 
iliac tuberculosis and, later, tuberculosis of the left shoulder joint In 1929, he aabs 
steadilj improAing, the shoulder AAas healed, the sinuses at the hip AAere still 
open, he AAas up and about on crutches and aabs ‘‘fine and strong” 

Case 12 (1929) — Ozjikowski, a boj, aged 9 jears, AAas operated on lor 
pathologic dislocation AAith sinus He AAas still under treatment 

All of these tAjeh^e patients, jarjing m age from 9 to 29, were 
improved at least temporarily, and of nine operated on six Ajere still 
leading actne and useful lues, Atalking on the lunb, more than fije 
jears after operation, though one of these died of pulmonarj" tuber- 
culosis more than ten tears after operation The patients in cases 
2 and 4, jvhich are elaborated, shoA\ Athat maj be accomplished, eten 
if the improv^ement is onl) temporarj 

Case 2 — Rajmond Dietz aged 16, had neter borne anA aa eight on the diseased 
hmb, haAing deA eloped the disease as an infant His hip had been treated bt 
excision about eight a ears preAioush leaAing a sinus Aihich AAas sometimes moist 
His life had been spent in institutions as a patient He came under mj care at 
the Episcopal Hospital AAhere he AAas a candidate for the Harrison Memonal 
House for Incurables (figs 43 and 44) His limb shoAAed 13 5 cm actual short- 
ening After reconstruction of the hip, he AAas able to AAalk AAell AAith a cane 
and a high shoe (fig 44) He left the hospital and AAorked for his liAing for 
more than tAAO a ears He then returned aauIi actiAe pulmonan, tuberculosis, and 
died three a ears after operation Perhaps if I had not ‘‘cured’ him temporanh 
he would be still liAing m the incurable ward 
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Casc 4- — Arthur Saunders, aged 17, entered the Episcopal Hospital emaciated, 
m pain, with a discharging sinus and a cold abscess (fig 45) After reconstruc- 
tion, he led a normal life for eight years, gaining 18 pounds (82 Kg) m the 
first two years (figs 46 and 47) After eight years he developed active pulmonary 
lesions, from which he died ten and a half years after operation 

B Reconstruction foi Pathologic Dislocation from Osteomyelitis 
(Six Operations) 

Case 1 (1915) — In Vivian, a boy, aged 15, about one year after excision for 
acute osteomyelitis, reconstruction was done because of marked instability and 
abominable limp He was traced for nine years He wore a high shoe (12 cm ) 
and limped, but had no disability of any kind at any time, he added “not even 
pain in damp weather ” There was fair motion 

Case 2 (1921) — Graham, a girl, aged 9 vears, had the condition since infancy 
She was traced for ten months , walking was much improved 

Case 3 (1922) — Scheff, a boy, aged 5 years, had the condition since infancy 
He was traced for seven years, at which time there was bony (?) ankylosis in 
good position , there was some pain in damp weather There was scarcely any 
limp (figs 48, 49 and SO) 

Case 4 (1923) — Wenskis, a girl, aged 19, had the condition for twelve years, 
she tired after walking three or four squares She was traced for ten months 
There were bony ankylosis in good position, considerable limp and some pain in 
damp weather, she felt much better after the operation 

Case 5 (1924) — Lebcnder, a boy, aged 9 years, had the condition since the 
age of 6 weeks He was traced for five years He thought he “could not be 
improved’’ , there was no disability (now 14 years of age) , all motions were 
normal except abduction, only to 30 degrees, and there was no hyperextension 
A marked limp was present, with a shortening of 6 cm , the trochanter slid up 
and down on the pelvis about 2 cm He walked on his toes 

Case 6 (1928) — Schrawder, a girl, aged 9 years, had the disease for about 
nine months She was traced for four months The hip was more stable, but 
the end of the femur was not in the acetabulum 

C Reconstruction for Congenital Dislocation (Four Operations) 

Case 1 (1921) — Bauer, a girl, aged 8 years, was operated on for recurrence 
after open reduction five weeks previously She was traced for seven months 
The hip \sas stable in the false acetabulum 

Case 2 (1925) — Fisher, a girl, aged 12, had a dislocation of the left hip She 
was traced for four jears, the hip was stable in the false acetabulum, and there 
was a fair range of motion (case 4) 

Case 3 (1926) — Stcllonc, a girl, aged 17, was traced for three years The 
hip was stable in the false acetabulum, there were fair motion, a shortening of 
the leg of 1 S cm , no pain in the hip and a moderate limp (fig IS) 

Case 4 (1927) — Fisher, a girl, aged 14, had an operation on the right hip 
Slie was traced for two jears The hip was stable in the false acetabulum, there 
was a fair range of motion (case 2) 

D Reconstruction for Slipped Epiph}sis (One Operation) 

C^SF 1 (1928) — Zeller a l)o\, aged 16, was traced for eight months There 
was no pain some stiffness after sitting and a considerable limp were present He 
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said that he ^\as “much” better than before the operation There was good position 
and tile hip was stable in the old acetabulum, a fair range of motion was maintained 

E Reconstruction for Nonunion of the Neck (Two Operations) 

C\SE 1 (1924) — Eichelberger, a woman, aged 31, had nonunion of the neck 
for fire months She was traced for fire rears, she had not done hearw rrork 
for one rear, she norr climbed chairs and eren fences rrithout trouble There 
rras flexion to 110 degrees, extension to 180 degrees, rotation rras normal, toes 
forrrard There rras a slight limp and some stiffness in damp rreather The hip 
rras stable in the old acetabulum There rras a shortening of 1 cm (fig 19) 

Case 2 (1927) — Donor an, a rroman, aged 40, had a nonunion of the neck for 
three months She was traced for eighteen months, she used a cane and had 
a moderate limp, she began ordinarr houserrork (cleaning and scrubbing) about 
four months after operation There rr as a shortening of about 2 5 cm , the hip 
r\ as stable Flexion rr as 120 degrees , extension, 180 degrees , rotation rr as lim- 
ited, toes forrrard 

F Reconstruction tor Drstrophic Arthritis (Trro Operations, One 
Death) 

Case 1 (1927) — Hensel, a man, aged 59, rras entirelj disabled from hjper- 
trophic arthritis Death occurred from uremia four dars after operation 

Case 2 (1928) — Chanudet, a rroman, aged 32, rras entireh disabled from 
atrophic arthritis of the hip and knee She rras traced for one rear, at rrhich 
time she rras able to be around a little rrith a knee brace and cane There was 
no pain in the hip, and she had a fair range of motion, the joint rras stable 

Tiansfei of Tensoi Fasciae Fentons — Six operations rrere per- 
formed for paral}tic outrvard rotation of the thigh 

Case 1 (1911) — Foster, a girl, aged 15, after trro months had actire internal 
rotation of the hip 

Case 2 (1913) — Simpson, a boj, aged 6 rears, rras traced for fourteen rears, 
the toes pointed forrrard in walking, and actire internal rotation rras strong 
(fig 23) 

Case 3 (1914) — Coester, a bor, aged 7 rears, rras traced for six rears There 
was practicallj no control of the hip, except that when he was erect he could 
rotate it in and out slightlj (fig 51) 

Case 4 (1914) — Gropp, a boj, aged 7 rears, rras traced for one rear He 
walked without support, the right foot (side of operation) rras in marked 
er ersion 

Case 5 (1920) —Gaunt, a boj, aged 16, rras traced for nine rears, he con- 
sidered himself much improred, he still used crutches for residual paralrsis 

Case 6 (1922) — Kratz, a bor, aged 12, rras traced for seren rears The toes 
pointed forrrard in walking, the transplanted tensor fasciae abducted more than 
it internallr rotated the hip 
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The surgeon ^\ hose lot it is to care for a patient w ith trauma to the 
spinal cord needs much information concerning his patient before 
final!} deading on the plan of treatment, -whether it is to be operative 
or nonoperatue 

If, in a case of this kind, it nere possible to hare a bttle more 
knor\ ledge regarding the etiologN and the pathologr and the relation 
of the one to the other, such data uould often be welcome Was all 
the damage to the cord inflicted at the time ot the injurr, or is there 
still pressure from misplaced fragments causing damage to the cord^ 
Again, just rrhat is the pathologic condition of the cord after recemng 
the trauma’ These questions must be answered in each case The 
roentgen examination of the spinal column following the injurr may be 
negatue m results, ret there mar be complete loss ot function ot the 
cord belorr the lerel of the injurr If, instead of depending on a single 
x-ray picture taken atter the force causing the lesions has been remored, 
one could imagine a motion picture shorring the relationship of the 
ranous rertebrae to the spinal canal and the cord therein during the 
time of the application of the force, it seems one could risualize rrhat 
happens pathologicallr in manj cases of “flexion” inj lines ot the cord 
In “flexion” injuries of the spine, sometimes spoken of as “jackknifing’ 
of the spine, the cephalic portion of the spine is approximated torrard 
the caudal end of the spine or, in other rrords, the head and knees 
are forciblr approximated If this force is sufficient, sereral condi- 
tions ma} result 

With the buckling of the spinal column, one rertebra mar be dis- 
located anteriorly or laterally or er its neighbor belorr (fig 1 A) While 
this IS the position of dislocation, the lumen of the rertebral canal is 
encroached on, and the cord consequent!} is compressed betrreen the 
laminae or betrveen the arch of the dislocated higher rertebra and the 
posterior part of the bod} of the rertebra belorr (fig 2) Then, rrhen 
the force causing the dislocation is released, the dislocated rertebra 
may return to its normal position or mar remain dislocated If the 
dislocation of the rertebra is reduced an x-ra} picture ot the end- 
result (fig IB) ma} gire a normal appearance as tar as the bonr 
structures are concerned Horrerer the damage to the cord has been 

* Submitted for publication Sept 12 1929 



146 


ARCHIVES OF SURGERY 


done Operation in this case, of couise, is pui poseless If, howevei, 
the dislocation is not i educed when the causal force has ceased, the 
cord then may continue to be compressed as desciibed If i eduction 
cannot be effected by nonoperative methods, then, of course, a decom- 
pression laminectomy is indicated 

Again, when the force causing flexion is great, the anterioi poition 
of the bodies of the two adjacent vertebrae may suffer a compression 



Fig 1 (CISC 1) — A, hlcnl dislocation of second lumbar vertebra after the 
application of a force sufTicicnt to cause buckling The picture represents the 
dislocation before reduction Note tbe crisp, definite outlines of the bodies, show- 
ing no compression fracture, but docs show i narrowing of the spinal canal 

B, The dislocation shown in 4 after reduction accomplished by nonopcrativc 
procedures The reduction was made bj Inpercxtcnsion Note the crisp outlines 
of the bodies of the \crtcbrat (first and second lumbar) No evidence of a com- 
pression fracture is seen Tlie spin il canal is restored to its normal lumen 

frieturc (fig 3), and with this ag.ain a ehsloc.ition of the U])pcr of the 
two vertebrae producing i fracture disloc ition (fig 4) When the 
caudal force is released the disloc ition ma\ be reduced, in this case, 
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in the x-ra} picture, the onl} evidence ot ^\hat has happened during 
the buckling is the picture of the compression fracture of the antenor 
portion of one or both bodies of the Aertebrae imohed The damage 
to the cord has been done and again operatne procedure is purposeless 
Another portion of this imaginarj motion picture shoA\ing the 
buckling of the spine AAOuld be of interest It uould be the pathologic 
change produced in the posterior portion or arch ot the rertebra b} the 
direct action A\hen the force is applied This force might be a hear} 





Fig 2 — interior dislocation of fourth cervical %ertebra irom application oi a 
force sufficient to cause buckling resulting in narrowing ot the lumen ot tlie 
spinal canal, trauma to the spinal cord and paralvsis of both arms and both legs 

object falling on the arches of the -vertebrae causing local injure to an 
arch and buckling of the spine with accompam ing dislocation or frac- 
ture dislocation, or the patient might fall from a height and, landing on 
his back, take the force of the fall on the arches of certain eertebrae 
The senior author has noted that when there is a dislocation or trac- 
ture dislocation from the buckling, the damage to the cord is inflicted at 
the time the force causes the greatest flexion of the spine with a simul- 
taneous narrowing of the canal impinging on the cord and that with the 
release of the force reduction of the dislocation generalh and restoration 
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of the normal outline of the lumen of the spinal canal and accoidingly 
removal of any pressuie on the cord, follow The pathologic change 
suffered by the arch of the vertebra receiving the direct force is 
generally the prime factor in causing pressure on the cord after the 
primary causal force has been removed 

An x-ray picture, in anteroposterior view, taken after the injury, 
frequently shows, in these cases a unilateral or bilateral fracture of the 
laminae of the vertebrae involved If, in addition, one is able to note 
that the shadow of the bulbous portion of the spinous process is laterally 
displaced and is out of line with those of the vertebrae abo\e and 
below, one may with a reasonable degree of assurance make a diagnosis 
of pressure on the cord by the depressed fractures of the arch (fig 5), 



Fig 3 — Compression fracture resulting from the application of a force suffi- 
cient to cause buckling 

and a decompression laminectomy is indicated Of course, the spinous 
process alone may be fractured and displaced laterally without a frac- 
ture of the lamina and too much importance should not be gnen to 
asymmetry of spinous processes, unless accompanied by shadows show- 
ing fractures of the laminae 

The neurologic obser\ations in the presence of injuries of the 
spinal cord are of greatest importance, and the surgeon, unless he has 
specialized m neurologic surgert, ma} veil consult his colleague, the 
neurologist 

\Vc wish to present the historj and the roentgenologic neurologic, 
and postmortem obserrations on a patient who recened an injury to the 
spinal cord and died as the result of the injurj se\enteen dais later 
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REPORT OF CASE 

Hisloi \ — On A.pril 15, 1926, a structural iron worker, aged 38, fell from a 
scaffold, 25 or 30 feet to a cement floor The patient, who did not lose con- 
sciousness at the time ot the injurj, believed that he landed on his buttocks but 
that his head struck a wall He tried to get up and walk, but could not He 
was taken to the hospital 

On admittance to the hospital on the fifteenth of April, the patient complained 
ot pain in the right arm, forearm and hand and also m the mterscapular region 
' and in both hips He further noticed numbness of both legs and hands 



fjg 4 — Compression fracture and dislocation of the eleventh and tweltth 
dorsal vertebrae, resulting in paraljsis of both legs 

Roentgen Examination —The. roentgenogram (fig 6) showed a smearing ot 
the intervertebral space between the sixth and seventh cervical vertebrae and a 
compression fracture (’) of the bodv of the sixth cervical vertebra. 

Plnsical Eramination — The patient had a wrist drop of the right wrist and 
he was unable to flex or extend the right wrist or the fingers of the right hand 
The same was true of the fingers of the left hand A.I1 voluntarv motion oi the 
lower extremities was lost The active and passive movements oi the neck 
were normal, and the cranial nerves were normal, including those controlling the 
size of the pupils The respiratorv movements and the excursions of the dia- 
phragm were normal There was moderate rigiditv of the neck and al'o slight 
rigiditv of abdominal muscles and priapism 

The bladder was distended, and there was no voluntary movement oi the 
bladder or rectum The biceps and triceps reflexes were present but the knee 
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jerk, the Babinski sign, and ankle clonus were absent (Later examinations 
showed the knee jerk to be present ) 

Sensoiy E^aminatwn — There was loss of pain and temperature sensations 
over the lower extremities and the trunk as high as the third chrondosternal 
junction anteriorly, and the spine of the fourth thoracic vertebra posteriorly On 
the right upper extremity, there was anesthesia to pain and to temperature 
stimuli over the entire dorsal surface of the hand (with the exception of the 
thumb), the dorsal side of the forearm and the dorsal side of the upper arm 
as high as the insertion of the deltoid muscle The area of anesthesia continued 
on the ulnar side of the dorsal surface of the arm and was continuous with the 
area of anesthesia on the posterior part of the trunk On the anterior surface of 
the right upper extremity, the area of anesthesia was found on the ulnar side 



Fig 5 — Fr icture of the lamim and lateral displacement of the bulbous end 
of the spin'll process of a dorsal vertebra (second thoracic) from application of 
a direct force The injurj caused paraljsis of both legs 

including all of the hand except the thumb, the ulnar half of the forearm and 
a narrow strip on the ulnar side of the arm, which was continuous with the 
anesthetic area on the anterior part of the trunk On the left upper extremitj, 
the area of incstliesia to pain and to temperature was a narrow strip along the 
ulnar side of the cxtremiti Unfortunatch, the left arm was not examined as 
carcfuIK as the right 

Tactile seiisiliilite (to cotton wool), position sense, and discriminatory sense 
were present e\er\ where 

The scn<ior\ and motor obscriations were those of a loss of \ohintarj mo\c- 
inents below md including the scienth cerrical segment, and of loss of pain ind 
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tempcnture sensibilit\ below and including the hrst thoracic segment on the left 
side and tlie eighth cer\ical segment on the right side (fig 7) 

Gciutal Etawtiialtoii — General pinsical examination reeealed a eoung white 
man, hing motionless m bed who was entireb conscious There was a laceration 
3 inches (7 6 cm) long in the midfrontopanetal region Two other lacerations 
each one-fourth inch (0 61 cm) long, opened into this laceration In addition, 
there was a laceration three-quarters of an inch (183 cm) in length in the left 
supraorbital region and another one-quarter of an inch (0 61 cm) in length on 
the bridge of the nose Otherwise, the examination of the head was negatue 
The pupils reacted to light and in accommodation, and were normal in size The 



Tig 6 — Compression fracture ( ’) of the bod\ of the sixth cervical ■vertebra 
and a smearing of the intervertebral space between the sixth and seventh cervical 
V ertebrae 

palpebral fissures were normal Otherwise, the examination of the eves disclosed 
normal conditions The ears, nose and mouth were normal The throat and the 
chest w ere normal There w as a slight rigidib of the abdominal w alls, but there 
was no tendeiness The liver, spleen and kidnevs were not palpable 

Treatment and Course of Illness — The wounds on the head were sutured the 
head of the bed was raised shghth, and a Jurv mast was applied to the patient’s 
head with 10 pounds (45 Kg) of extension Two davs alter the injurv on the 
seventeenth of April, he was examined bv Dr G B Hassin whose observations 
are appended The jurv-mast was removed at this time and a '-pmal puncture 
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was performed Tlie pressure of the spmal fluid was 8 mm of mercury Twenty 
cubic centimeters of fluid were removed The fluid contained some blood 

On the twenty-first, another spinal puncture showed the same pressure There 
was less blood m the spinal fluid, and again 20 cc was removed This was 
repeated on the twenty-third, the pressure was the same, there was practically no 
blood m the fluid, and 15 cc was removed On April 25, 35 cc of bloody spmal fluid 
w-as removed At this time, the pressure was not taken On the twenty-seventh, 
the pressure of the fluid was 12 mm of mercury, 25 cc of fluid was removed, 
and the pressure was thus low'erod to 6 mm of mercury 




Fig 7 — A, chart (anterior \ie\\) show'ing sensory involvement (pain nul 
temperature), B, chart (posterior Mew) showing sensory involvement (pam and 
temperature) 

To this time, the patient remained in fair condition, the wounds on tlie head 
healing satisfactonh , and his back remaining in good condition On April 28, he 
had a chill followed bi a rise of temperature to 103 6 F The urine was decreased 
m quantitj, was clotidv, and on e\amination was found to contain blood and 
albumin and to be loaded with Icukocvtcs and bacteria Spinal puncture the 
following dav revealed a pressure of 10 mm of mercury , 25 cc of fluid was 
removed, and the pressure fell to 6 mm of mcrcur> 

The condition of the patient sleadilv grew worse, and he died on Ma> 2, 
seventeen davs after his injiirv 

Pr llafsins Obsi rz atioi:s — Dr Hassin in a neurologic examination of the 
patient on \pril 17 made observations as follows absence of deformities of the 
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\crtebral column including the ccriical region a beginning bed sore in the leit 
gluteal region, normal mentalita, normal cranial nerves including those that con- 
trol the size of the palpebral fissures and the pupils (absence of Homers svai- 
drome) , normal amplitude and force in active and passive movements of the 
neck, absence of pain and no ngiditv in neck, paralvsis of the hands and fingers, 
including the thumbs, mabilitv to flev or extend the wrists and fingers and to 
abduct the thumbs, absence ot spasticitv , complete flaccid paralvsis of the lower 
extremities with loss ot tendon and plantar reflexes, absence of Babmski’s sign, 
loss of pain and temperature sensibilities up to the level of the lourth thoracic 
spinal segment, sensorv disturbances involving the ulnar surfaces of the forearms 
and the hands except the thumbs on both sides, preservation ot the tactile sense 
in the areas affected bv the loss ot pain and temperature sensations, preservation 
of the position sense, distention of the bladder, with the abdominal walls rigid, 
spinal fluid slightlv tinged with blood 

These observations were summarized as “flaccid paraplegia due to a spinal 
cord lesion at the level of the first or second thoracic segment The lesion of the 
spinal cord is not due to a fractured or dislocated vertebra, but most likelv to an 
intraspinal hemorrhage ” 

The diagnosis was hematomvelia in the cerv icodorsal region 

Dr Hassm s recommendations as to treatment were “Surgical interference 
not indicated, for there is no evidence of pressure svmptoms, prevention ot bed 
sore formation and genitourmarv complications , spinal punctures ev erv other 
daj ” 

Gross Pathologic Obscnatwiis — \ postmortem examination of the spinal cord 
was made bv Dr F W Merritt tvventv minutes after the patient’s death On 
making an incision over the spines ot the vertebrae, he noted that the space 
between the spinous processes of the third and fourth thoracic vertebrae was 
enlarged and that there was no tissue between the two spinous processes so that 
a finger could be put between them The spinous processes and laminae from the 
fourth cervical vertebra to the eighth thoracic vertebra were removed There was 
no pressure on the spinal cord bv the vertebral column and there were no extra- 
dural blood clots 

M'hen the dura and arachnoid were opened, the spinal fluid was found to be 
clear There were no subdural blood clots or other evidence of subdural hemor- 
rhage On the dorsal surface of the cord m the region of the sixth cervical 
vertebra, the blood vessels appeared to be congested The spinal cord with its 
membranes from the fifth cervical to the ninth thoracic segments, inclusive, v as 
removed and placed in a diluted solution of formaldehvde USP (1 10) tor 
further studv 

Later gross examination bv us showed the dura around the sixth cervical 
segment to be discolored, apparentlv owing to extravasated blood irom ruptured 
blood vessels of the dura itself When the cord was sectioned transverselv in 
the region of the sixth cervical segment and the cut surface examined with the 
naked eje, the graj matter on the left side was seen to be definitelv outlined bv 
the hemorrhages that had occurred On the right side, the hemorrhage was not 
so extensive but was rather of the petechial tvpe In addition, there were minute 
petechial hemorrhages in the dorsal funiculus and in the lateral funiculus ot the 
white matter 

^^icroscoftic Pathologic Obscrzations — Most of this work was done b' the 
junior author (H C V ) in the Hull Biological Laboratories ot the Lniversitv 
of Chicago during the spring of 1926 The material was prepared tor micro-copic 
studv bv several different methods 
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Busch’s (1899)1 modification of the Marchi method for formaldehyde-fixed 
material was used on blocks taken from the fifth, sixth, seventh and eighth 
cervical segments and from the first, third, fifth, eighth and ninth thoracic 
segments These blocks were placed for from five to ten days (the longer time 
being preferable) in a mixture of 1 Gin of osmic acid, 3 Gm of sodium lodate 
and 300 cc of distilled water The blocks were then washed, dehydrated, imbed- 
ded in paraffin and cut into sections from 10 to 15 microns thick These sections 
were mounted in the usual way 

Since we felt the need of being able to study the histologic changes in the 
ventral horn cells in the same material which had been prepared for the study 
of degenerative changes in the fiber tracts, a method was devised for counter- 
staining the material prepared by the modification of the Marchi method described 
After the paraffin section from this material had been mounted m the usual way, 
the paraffin was dissolved with xylene, and the sections were run to water They 
were then treated with 1 per cent potassium permanganate for one minute and 
5 per cent oxalic acid until white and were then counterstained with a 1 per cent 
solution of neutral red that had been ripened by Morgan’s (1926)2 method The 
slides carrying the section were covered with the neutral red solution from a 
pipet and then were heated until the solution had steamed for from two to three 
minutes Then the sections were washed, dehydrated and mounted in the usual 
way Used in this way, neutral red is a specific stain for the Nissl substance 
of the nerve cells The sections present a pleasing appearance, as the neutral red 
contrasts well with the black or brown stain of the osmic acid Sections from 
the fifth and sixth cervical and from the fifth thoracic segments were prepared 
by this method 

Blocks from the sixth and seventh cervical and from the ninth thoracic 
segments were dehydrated and imbedded in celloidin Sections from 20 to 30 
microns thick were cut from these blocks and stained by tbe standard Pal-Weigert 
technic 

In addition, blocks from the sixth and eighth cervical and from the second, 
fifth and ninth thoracic segments were dehydrated and embedded in paraffin 
Sections 10 microns thick were cut from these blocks and stained with Delaney’s 
(1927y modification of the Nissl technic And finallj, sections from the sixth 
cervical and from the second and fifth thoracic segments were ■stained with 
hematoxjlin and eosin, Erlich’s aqueous hematoxylin and alcoholic eosin being 
used 

As this specimen came from one who had died seventeen days after a lesion 
to the cord had occurred, degeneration of the mjelin sheaths of the myelinated 
fibers of the cord would be going on, but would not be completed, m tins short 
a time Hence one would expect material prepared bj a technic, such as the 
Pal-Weigert* technic for staining m>elin sheaths to fail to show any profound 
pathologic changes, but material prepared In the klarchi technic for the demon- 
stration of mjehn sheaths in the process of degeneration, to show definite 
pathologic changes Our material showed these assumptions to be correct 

Casual examination of the Pal-Weigert material disclosed an appearance of 
normalh staining white matter and mjelin sheaths, but more careful study witli 

1 Busch Ztschr f wisscnsch Mikr, 1899, ^ol 15 

2 Morgan L 0 Iron Hcmotoxjlin as a M>elin Sheath Stain and Neutral 
Red Ripened b\ Colon Bacillus as a Nerae Cell Stain, Anat Rcc 32 283, 1926 

3 Dclanea, P \ Reliable Methods for tin. Tixalioii and Staining of Nissl 
Substance, \nat Rcc 3G 111 1927 

4 Hardesfa, I Neurological Technique Chicago, Uniacrsita oi Ciiicago 
Press 1902 
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the high power objecti\e showed that the mjehn sheaths of the lateral funiculus 
in the region of the corticospinal and the rubrospinal tracts were somewhat frag- 
mented and in some cases partU destro\ed, presenting a quite different appearance 
from the normal mi elm sheaths of the normal spinocerebellar tracts at the 
periphen of the lateral funiculus This condition of partial degeneration of the 
mi elm sheaths obtained more on the right side than on the left, and was seen 
m sections from the sixth and seienth ceriical segments Sections from the 
ninth thoracic segment presented a normal appearance as far as could be seen 
In other respects, the Pal-Weigert material presented a normal appearance 

The Alarchi material from the fifth ceriical segment showed a generalized 
degeneration of the mi elm sheaths in the fasciculus cuneatus (B N A ) of the 
dorsal funiculus, m the corticospinal and rubrospinal paths of the lateral funiculus. 





Fig 8 — Photomicrograph of section of seienth cenical segment (Marchi 
stain), showing degeneration of the descending fiber tracts, X 13 5 

and in the lentral funiculus In the sixth cenical segment, the degeneration in 
the dorsal funiculus was mainli in the lower part of the fasciculus cuneatus and 
apparentli m the comma-tract of Schultze In the lateral funiculus, the degen- 
eration of the descending paths was more marked on the right side than on the 
left, and there w as no degeneration at all in Flechsig s bundle or in Gow er s 
fasciculus There was extensne degeneration in the \entral luniculus, especialh 
in that part bordering on the central horn of the gra\ matter The same condi- 
tions were seen m the sections from the seaenth and eighth ccraacal segments 
(fig 8) 

This general picture changed little throughout the thoracic region except in 
detail The degenerated fibers, all belonging to descending paths, became lewer 
in number as examination went lower in the thoracic region Thus in the eighth 
and ninth thoracic segments (fig 9) there were few degenerated fibers in the 
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Fig 9 — Pliotomicrograph of a section from tlic eighth thoracic segment 
(Afarchi stain), showing degeneration of the descending fiber tracts, X 13 5 



Fig 10 — I’hotomicrograpli of section through ChrKc’s nucleus at the fifth 
thoracic <;temtnt, sliowing chromalohsis , X 300 
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dorsal funiculus and those that were present were close to the medial surface 
of the dorsal horn of the gra\ matter In the lateral funiculus the degeneration 
in the corticospinal and rubrospinal paths was much more abundant on the nght 
side than on the left And m the \entral funiculus the degenerated fibers were 
scattered mainh along the central median fissure and at the anterior peripher\ 
of the \entral funiculus of the cord 

In all the sections treated the Marchi method black or brown staining 
droplets could be seen in cells of the gra\ matter of the lentral horn These 
droplets were apparenth made up of lipoid materials that took the osmic acid 
stain and were normalh present in the cells of the central ner\ous svstem In 
the sections from the sixth and seventh cervical and from the fifth thoracic seg- 
ments that were prepared bv the Marchi method and then counterstained with 
neutral red a few of the cells of the ventral horn showed some degenerative 
changes in the Xissl substance, but the changes were not marked and there were 
comparativ elv few cells show ing these changes How ev er, in the sections from 
the fifth thoracic segment, the cells of the nucleus dorsalis of Clarke ot both sides 
showed definite chromatolv tic changes in the Kissl granules (fig 10) 

The same was true of the sections from the sixth and eighth cervical segments 
and from the second fifth and ninth thoracic segments that were stained bv 
Delanev s modification of the Xissl method There were no marked degenerative 
changes in the ventral horn cells but in the thoracic region the nucleus dorsalis 
of Clarke of both sides showed profound chromatolv tic changes m its cells The 
cells were swollen the \issl granules were disintegrated, and the pale nuclei were 
placed eccentncallv m the cells 

COAIIIENT \ND ST-MMAR\ 

In sumniarv we mav sav that a portion of the cord taken from 
the region of the lesion and below and including the last four cervical 
and the first nine thoracic segments showed degeneration of the 
descending tracts particularlv those ot the lateral and ^ entral funiculus 
below the site of the lesion There was a preponderance ot degener 
ation on the right side In the thoracic region there were degenerative 
changes in the nucleus dorsalis of Clarke This latter was indirect 
evidence that there was a lesion of the fibers of at least one ascending 
tract the dorsal spinocerebellar 

The extensive degeneration of descending fiber tracts below the 
lesion and probablv of ascending fiber tracts above tbe lesion point to 
a crushing lesion of the cord The sensorv disturbances could readiiv 
be explained as the result of a hematomvelia or particularlv of a 
hemorrhage into the grav matter as the disassociation of pain and 
temperature sensations from tactile sensation points to that tvpe of 
lesion However we feel that such extensive degeneration in the white 
matter while probablv due in part to the hemorrhages noted could 
not be due to them entirtlv The disturbance of the blood supplv ol 
the white matter through a distance ot two or three segments at the 
most would not be a sufficient injurv of the fibers to cause tbeir 
degeneration and certainlv the hemorrhage as seen at the postmortem 
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examination was not great enough to cause a piessuie sufficient to 
cause degeneiation of the fiber tiacts Myelinated neive fibeis depend 
mainly on then cells of origin foi nutrition and aie comiDaiatively 
resistant to tiauma 

CONCLUSION 

Fiom the consideration of the x-iay pictuies, the clinical histoiy, 
the results of the ph}sical examination and the gross and microscopic 
pathologic observations, we conclude that this patient sustained an 
injury of the spinal coid m the nature of a tempoiaiy compiession of 
the cord fiom a fracture dislocation of the sixth ceivical veitebia 
The mjmy here coriesponded to the type of buckling mjuiies in 
which theie is at the time of injuiy piessure on the spinal coid by a 
temporary dislocation oi fracture dislocation and in which when the 
causal foice is removed, the dislocation is leduced 



FOCAL INFECTION IN SPONDYLITIS DEFORMANS' 
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SpoiidAlitis cletormans is to be differentiated from the deformities of 
the spine produced b} aithritis lertebral tuberculosis, de^ elopmental 
and postuial defects, such as scoliosis and lound shoulders, and the stiff 
backs incidental to trauma As described bj \on Bechterew, Strumpel 
and j\Iai le, the spinal disease considered forms a distinct clinical picture 
\Mth these chaiacteristics a chronic progressne stiffening ot the spine 
engiafted on a slo^^h increasing flexion detormit} that ultimateh lea\es 
the back rigid in a stooped position frequenth extending to im oh e the 
costo^ ertebral joints to produce a rigid thoracic cage and sometimes 
imohing the hips and shoulder joints It usuallj attacks joung men 
111 the postadolescent period The Epical case presents a startling pic- 
tuie The patient walks along with his bodj stooped far o\er so that 
he IS facing the giound To face the person with whom he talks he 
must lock his entire bod) back and roll his eies up The wall of the 
chest piesents no motion, leaimg his respiration entirel) abdominal 
When l)ing on his back, his fixed spine retains its semicircular position 
so that he can be locked to and fro The condition is usuall) distressing 
not onl) on account of the pain but also on account of the disabiliE and 
the defoimit) Pathologicall) , the disease is characterized b\ an 
imohement of the pern ertebral ligaments, so that as one follows the 
pi ogress of the condition b) roentgen examination one sees an increas- 
ing calcification of these ligaments Autopsies ha\e shown the spinal 
rigidit) to be due to an almost solid la)er of bone that surrounds the 
bodies of the lertebrae 

The treatment for spond3litis deformans has been similar in mam 
w^a) s to that for infectious arthritis of the spine This w ould naturalh 
follow' the resemblance of the clinical manifestations of this disease in 
Its eailier stages to arthritis of the spine Furthermore, some authori- 
ties feel that the disease is a localized expression of a generalized arthritic 
piocess At ail) late, most of the patients suffering with spond\litis 
ha\e been combed for foci of infection and subjected, when possible 
to then radical remo%al 

It has long been felt that in spite ot the most caretul eradi- 
cation of such foci, the detorming spend) litis was not being checked 
It was to determine the accurac\ ot this impression that I made a sur\e\ 
of such cases on record at the Tohns Hopkins Hospital and of such 
othei cases as ha\e come under m\ attention After weeding out tliosc 

* Suhinitti.d tor publication April O, 192'! 
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which did not show the chaiacteiistic histoiy and symi^toms of spondy- 
litis defoimans, I collected sixty-six Since the handling- of the eailier 
cases difteied fiom that of the latei ones, it has been convenient to 
subdivide them into two gioups, those in which the patients weie seen 
before 1916, and those in which they weie seen aftei that date In the 
earhei cases, no systematic search foi foci was made, but the patients 
weie tieated with lest m bed and plastei cast immobilization In the 
second gioup, howevei, loutine treatment consisted of the localization 



\ patient with spond\Iitis deformans standing as erect as possible Tins 
patient Ind pre\ioiisl\ been stretclied with a resultant gun of S inches (12 70 cm ) 
111 height 

of an\ infectious process and -when ])ossiblc, the opeiatue coricction 
In addition to the foeal treatment orthopedic measuies were applied 
Studies of the efteet of focal treatment must therefore be based on this 
seeond gioiip This group ineluded fifU-six eases, but in onlv fort}- 
fne ol tiiese were foci of infection found twcnt\-si\ occurrei-l in the 
nose and thro.it fifteen in the mouth and tweiitv-three in the genito- 
nrin ir\ regions f T.istro-intestinal distiirbam es were noted in four 
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patients Ot the t^^ellt■\-slx patients \Mth imoheinent of the nose and 
throat, nineteen had had tonsillectomies performed betore ther sought 
relief in the clinic None ot these patients reported anr thing more than 
temporarc relief from scmptoms between the period of then operation 
and then admission to the hospital In addition to these seien patients 
had their tonsils leinored h\ members of the staff Practical!} all of 
the patients with infections ot the teeth were guen the benefits ot 
exti action The patients with gonorrhea were submitted to massage 
and iirigation and in two instances, because ot delared response to 
this therapeutic procedure seminal \ esiculectom\ and prostatectoni} 
weie pertormed In two of the patients of the group enlarged hmph 
glands were relno^ed and cultures were made to produce a raceme 
wdiich was used therapeutical!} 

To justifr the recommendation of surgical procedures one should 
be conrinced that at least a fair number of patients are hkeh to show 
improrement The ideal recorerr, of course, would constitute a cessa- 
tion of the disease piocess followed b} the complete functional restora- 
tion Since, howerer at times there is alreadr considerable fusion of 
the rertebrae when the patients themsehes one would be justified in 
considering ones efforts rewarded if the disease process could be stopped 
eren though complete mobilit} of the spine could not be restored On 
the other hand since the disease is after a fashion, self-limited that is, 
luns on to a state of complete spinal rigidit} at which time the s}mp- 
toms of pain clear up, one must be careful not to attribute to the 
lemoral of foci ot infection the freedom from pain that comes long 
after the focal treatment has been completed 

With these criteria in mind a surrer of the cases fails to show one 
distinct instance of lasting improrement following the remocal of foa 
ot infection Indications of the failuie of this procedure could be 
noted in the fact that so man} of the patients came for treatment m 
spite of their earhei careful focal treatment A follow-up of patients 
on whom focal eradication was performed likewise failed to show 
impro\ement From these observations one is forced to admit the 
futihtr of focal treatment m spondvlitis deformans 

Much more faiorable results followed the orthopedic manemers 
\\oikmg on the assumption that the condition of the spine would m 
all likelihood progress to a state of rigiditv, efforts were directed toward 
obtaining as good a posture as jxissible and then holding the improved 
position till the fusion had taken place Since most ot the patients 
who presented themselves were alreadv rather bowed an attempt was 
made to straighten them bv hav mg them he on their backs on a sprmg- 
less bed (fracture bed) or on a Goldthvvaite iraine The eftects ot 
gravitv 111 straightening the patients thus treated were m manv cases 
striking One man alter resting two hours dailv on his Iiack lor a 
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period of two months gained 5 inches (12 70 cm) in height as his 
curvatuie was being collected In some instances head and pelvic 
ti action was necessaiy In all, this process of slow sti etching was 
attended by seveie pain, often necessitating the use of opiates dining 
the sti etching periods In none of the patients was foicible manipula- 
tion attempted under an anesthetic because of the obvious dangeis I 
feel that this conservative couise is to be ci edited with the fieedom 
from neurologic accidents shown m the lecoids of these cases 

After the patient had been stiaightened, or aftei as much stiaighten- 
mg had been obtained as was justified by the sti etching piocess, a 
plastei of pans suppoit was made This peimitted the patient to become 
ambulatoiy and in most instances to letuin to woik, without again 
developing his defoimity By obseiving the clinical symptoms and by 
loentgen studies fioin time to time, one was able to deteimine when 
the disease had run its couise As a lule, this happened when fusion 
had taken place At that time the suppoit could be lemoved without 
fear of lecunent deformity The patient was stiff in the erect position, 
was able to walk upiight and could meet the woild face to face It is 
tiue that on attempting to stoop and bend fiom side to side he had to 
lesoit to motion at the hips and knees, yet the fieedom fiom pain 
allowed this to be done without any gieat discomfoit It is a mattei 
of inteiest, also, that m those patients in whom ankylosis in the eiect 
position was allowed to occui the complications of the hip and knee 
weie not obseived 

The deductions are cleaicut While one cannot gainsay the piopiiety 
of lemoial of gioss, obvious foci of infection foi geneial hygienic 
pui poses, I feel justified in concluding fiom these studies that the lesults 
do not wairant radical opeiative jiioccduie peifoimed with the idea of 
lemoving the causative factoi of the spondjlitis I paiticulaily wish to 
sti ess the impoitance of close attention to the collective oithopedic 
procedures ivhich, though only s) inptomatic, oftei the one hope of actual 
impi o\ ement 
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CONGENITAL ABNORMALITIES 

Club Feet — Boehm ^ caretulh studied the normal human embrAO 
foot at two, three and four months and found interesting parallels to 
the shape of the club foot For comparison he prepared the club feet 
of a 7 months old fetus after the method of Hans \'ircho\A, presening 
the topographic position of the bones as tbe) aa ere m the original speci- 
men The comparison shoAAcd that the marked right-sided clubtoot 
had a great similarit} to the embrAonic toot of the fifth or sixth AAeek 
and that the lighter left-sided clubtoot aabs almost a reflected image of 
the embrAonic foot of the tAAcltth AAeek Boehm concluded tliat the 
congenital clubfoot represented an arrested deAelopment 

Congenital Dislocation of the Hip Joint — Krida ■ in discussing a 
series of thirtA-one cases released from fixation dressings m children 
ot an age group up to 3 a ears said that tAA entA -eight might be considered 
to be satisfactorA results in periods of obsenation up to tAAO a ears 
klinor deAiations from anatomicalh normal hips aaouW haAe to be 
eAaluated at a much later time 

* Submitted tor publication Dec 10 1929 

* This Report of Progres' is based on a re\ie\\ ot 313 articles 'elected irom 
523 titles dealing A\ith orthopedic surgerr appearing in medical literature between 
Feb 15 and lune 1 1929 Onh those papers which seem to represent progre-s 
ha\ c been selected tor note and comment 

1 Boehm M Ztschr i orthop Chir 5 1 409 1D2Q 

2 Krida \ \m J Surg 61 l'^^ (Feb ) 1929 
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His method of pioceduie in this age group was manual i eduction 
with a minimum trauma At the fiist sitting, the hip was fixed m 
plaster in the original 90-90 degiees attitude of Lorenz, except that the 
dressing was earned below the knee This position was maintained foi 
two weeks At the second sitting, the anterioi distortion was evaluated 
by a study of the i oentgenograws made before i eduction but particulai ly 
of what might be gamed by palpation of the structuies of the hip joint 
The abduction was carefully i educed to about 25 or 30 degrees, and 
the patella hi ought into the sagittal plane If the head remained deeply 
placed in the tissues of the groin and in its pioper relation to the femoial 
artery, it might be assumed that no abnormal anterior distortion was 
present The limb was fixed m this position until the end of treatment 
If the head became prominent m the groin and if on even slight out- 
ward lotation of the extiemity it became displaced slightly laterally 
to the line of the femoral aiteiy, it might be assumed that a degree 
of anterior distortion existed which was inimical to the ultimate secuiit}^ 
of the joint This hip was then put into foiced internal lotation and 
left there for three months 

At a third sitting, by means of manual foice a supiacondvlai fiactuie 
was made, and this usually occurred m the segment above the epiphyseal 
line Outw'ard rotation of the low'er fiagment was made until the 
jiatella lay outside the sagittal plane A plastei spica was a])pliecl w'lth 
the lower fragment in this position and in about 20 degiees of abduction 
and slight flexion of the hip and knee joints This plastei w'as worn 
for tw^o months, thus giving in the ideal case a peiiod of fixation of 
somewhat less than six months During the last month of fixation, the 
patient ought to stand and make attempts at ambulation 

[Ed Note — This w'oik rejiresents a logical attempt to solve a 
difficult comjdication of eongenital dislocation of the hip, and it wall 
be interesting to leeeive further reports of the late results ] 

Tlin SPINE 

Anatomic Vanotwus — In five of fifty-six Bantu skeletons, Shoie 
found an anomalous mode of development of the lowei lumbar vertebrae 
resulting in the separation of the dorsal arch bv a eongenital cleft One 
of the fi\e exhibited a spond}lolisthcsis Willis'* found this congenital 
dnision of the vertebral lamina in the skeletons of II of 748 y\mericans 
(white and colored) 

Ciishwa} and Maier recommended that a roentgenologic examina- 
tion be made of all employees m industries m which injuries of the 

t Short L R Rrit J Siirg 16 411 (Tail) 1929 

4 \\ ini'. 1 \ \m J \int \oI 32 p 95 

5 Cu^Iiu i\ H (_ mfl Maitr R J Routine I'x imiii.itioii of the Spiiit lor 

Iiidii'in il I m]iIfott> T \ M \ 92 701 fMarcti 2 ) 1929 
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spine are common This form of examination \\ould pre\ent the 
emplo}ment ot those unfit for certain t\pes ot labor Just compensation 
to the injured uould be certain as this torm ot examination r\oulci 
definitel} fix the date of lnJur^ within the term of emplo}ment 

Cushwaj, and j\Iaier had made this examination as a routine measure 
m all the regular examinations ot emplo 3 ees and had tound that 
anomalies were common and did not necessarih cause paintul backs 
There was a total ot 931 cases, and 607 \ariations were tound in 414 
cases The total number ot congenital and deeelopmental anomalies was 
510 The tjpes of ohsereations were spina bifida occulta, 161, 
scoliosis, 81 lumbar rilis 81 proliferatne changes 63 sacralization, 
50, deformit} of the COCC 3 X, 32 six lumbar eertebrae, 25 incomplete 
union of the first and second sacral segments, 21 and deformit 3 of the 
transeerse processes, 14 

Bohart ' wrote that a stud 3 ot practicalh 1,000 S 3 mptomless spines 
showed approximateh" 44 per cent of anomalies and anatomic \aria- 
tions spina bifida occulta was noted most commonh , and sacrahzed 
transverse processes came next in frequenc 3 \\ ith the exception ot 
the spines wdiich showed lipping or spur tormation there did not seem 
to be an 3 ^ lengthened disal)iht\ or an 3 increased tendenc\ to injurr 
over the normal spine 

[Ed Note — These figures gne a tairl 3 accurate estimate of the 
relative importance of congenital anomalies ] 

Pathologic Legions of the Spiue — Experiments on the cada\er made 
In Chasm' showed that destructue changes in the \ertebrae had to 
be of considerable size to lie noted on the roentgenogram 4. detect 
of from 1 to 1 5 cm width could not be seen Defects of one tourth 
of the bod\ were not seen proMded the cortical la\er was intact, and 
in the sacral \ertel)rae complete detect of the spong 3 la 3 er was not 
visible if the cortex was preserv^ed Schmorl trom his unusual experi- 
ence in the studA of the patholog\ of the %ertebrae described certain 
peculiarities of infantile and adult -vertebrae heretofore not sufficienth 
known On the upper and lower surface ot the bod\ atter removal of 
the intervertebral disk a sievelike pertorated plate was noticed sur- 
rounded 113 a liorder without holes The holes undoubtedh served the 
nutrition ot the disk On the other hand, the juvenile vertelira showed 
on the upper and lower surtace small radiating furrows and irreg- 
ularities In Schmorl’s oiiinion, the so-called epiphvsis ot the bodj of 
the vertebra was not a structure of comparable value to the epiph 3 ses 

6 Bohart H \natomic Variations and \nornahcs of the Spine J \ 

M \ 92 698 (March 2) 1929 

7 Chasm -3 Portschr a d Geh d Rontgenstrahicn 1929 vol 17 no 4 

8 Schmorl G \rch i klin Cliir 150 420 1928 
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of the long bones and had nothing to do with the growth of the vertebrae 
With advancing age, Lyon noted that the intervertebral disk was the 
most fiequently and most early affected part of the spine Presenile 
aging, infectious diseases and other diseases played the primary role 
The anatomic changes consisted of fibrillation, softening decay and 
fatty degeneration, fiequently followed by calcification, i e, processes 
resembling those of arteriosclerosis These changes of the intervertebral 
disks weie followed by the well known changes at the bordeis of the 
veitebral bodies which were not primary but secondary 

[Ed Note — This observation is true and follows the course outlined 
by Nichols and Richardson for degenerative aithritis m other joints ] 

THE FOOT 

The N 01 111 a! Foot — Among other interesting statements made by 
Sir Aithur Keith in the third Hugh Owen Thomas lecture m which 
he tiaced the history of the human foot was the observation that man’s 
mode of progression lesulted in an inciease in the supporting or tarsal 
elements and a lessening of the digital oi piehensile parts of the foot 
Sir Arthur traced in detail the changes which transfoimed the prehensile 
foot of the ape into the static foot of man, taking up the evolution of 
the plantai fascia and of the various muscles He pointed out that 
as the hallucial element of the foot became incorporated in the plantar 
cii ch It was done liy adduction not of the great toe to the outer toes but 
of the outer toes to the gieat toe He fuither emphasized that the 
piimai) factors in maintaining the balance of the foot were the muscles 
and not the bones or hgments 

NETKITIONAL and metabolic disturbances or BONE 

Richcts — Tisdall and Brown,^^ in an interesting study of the relation 
of the altitude of the sun to its antirachitic effect, stated 1 A marked 
incicase occuired in the antiiachitic effect of sunshine when the sun 
leached an altitude of 35 degrees or more 2 A study of the geographic 
distnbution of iickets showed that rickets was uncommon or existed 
chiefl\ in a mild form m those places where the minimum seasonal 
altitude of the sun was not much less than 35 degrees 3 Conversely, 
seicre rickets was chiefl} encountered in those cities where the altitude 
of the sun was below 35 degrees for some months of the year 4 Hie 
jiciiod of the year during wdiich rickets would probably develop could 
be calculated for an\ cit) in the world The duration of this period 

'1 L^on E \rcli f ortliop Cliir 26 295, 1928 

10 Keith \rthur J Bone & Joint Siirp II 10 CJan ) 1929 

11 Ti'ihll r r nntl Brown \ Relation of the Altitude of the Sun to 111 
\iitincIiitH I (Tect J \ M \ 92 860 ("March 16) 1929 
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might be altered howerer, b} the prerention of exposure of patients to 
highh eftectne sunshine on account of inclement spring -weather or 
other t actors 

Pai athyi Olds — During recent \ears the excision of one or more 
parathyroid glands has been performed in cases ot generalized osteitis 
fibrosa IMandD- pointed out the danger of the uncritical remoral of 
the parathyroids It a tumor ot one is found the others should be 
examined surgically, and, it normal, the tumor may be remored If all 
the parathyioids are enlarged, frozen sections should be examined to 
determine rrhether enough normal parathrroid substance is present 
before one or more is excised 

TUMORS 

Putti agreed with Tohn B Alurphy ‘that in cases of sarcoma the 
diagnosis could and should be made entirely b\ the history and with the 
aid of skiagrams ” He said that trauma was ot the greatest importance 
Isolated direct trauma was likely to induce a tumor ot the peripheral 
layers with a short latent period whereas indirect trauma, distortions 
and fractures were more likely to be causes of sarcomas with a long 
latent period and a central situation The author behered that there 
were few pathologists who possessed the art of making a differentiation 
of pathologic conditions in the light of the best interest of the patients 
Putti preferred the classification of Nore-Tusserand and Taiernier and 
the more schematic one ot Ewing Phemister classified the types 
ot tumor of the bone, both benign and malignant and discussed their 
diagnosis from the roentgenologist s standpoint He telt that most 
sarcomas of the bone had metastasized before they were recognized 
Consequently, one ought to leain to recognize benign lesions and treat 
them prompth hr appropriate operatue measures Amputation for 
benign tumors was rarely indicated and roentgen treatment was of 
no ralue 

[Ed Xote — In spite ot the efforts of some, the whole question of 
tumors ot the bone seems \er\ much of an enigma to the arerage man 
Certainly the pathologists who see these cases can help and one must 
depend on them a great deal in deciding the treatment ] 

TC BERCLLOSIS 

Cle^ eland and P\le ' repoited the cases of sixt\ patients with tuber- 
culosis ot the bone and joint treated by operation, with 53 3 per cent 
good lesults and twehe deaths Thee argued trom the standpoint ot 

12 ^^andl r Z<.ntralbl f Chir 56 1739 1929 

13 PuUi V Sure Gence Ob-;! 48 324 (March") 1929 

14 Phcmi'ster D B Xorthwest Med 28 1 (Jan ') 1929 

15 Cl(-\ eland M and P\le P Joint Tuberculo=i= T \ M \ 91 In^d 
(Ma\ 4J 1929 
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economy that operative treatment brought about a saving in costs to the 
patient and to the community 

[Ed Note — This may well be tiue but their end-results do not show 
a high peicentage of good results After all, these are moie impoitant 
than costs The costs may be dependent too on the type of conservative 
treatment received ] 

Doub and Menagh reported the cases of two patients showing 
indolent, painless, nonulcerating granulomas of the subcutaneous tissue 
or sarcoid of the Beck and Darier-Rousay type associated wnth slowdy 
progressive alteration of the trabecular fomiation of the bones follow^ed 
b}^ actual destruction as the lesion progressed The phalanges w^eie 
most frequently involved, although the metacarpals and metatarsals also 
showed lesions One case show^ed involvement of the low^ei end of the 
radius While the etiolog}- ivas not indisputable, most of the evidence, 
both clinical and experimental pointed to the tubercle bacillus as the 
etiologic factor 

By repeated routine inoculations of urine into guinea-pigs Hams’" 
showed that tubercle bacilli were present m the urine in 37 per cent 
of adult and 14 per cent of children suffering from tubeiculosis of the 
bone or joint Although this bacilluiia was unaccompanied by symp- 
toms of renal tubeiculosis, Harris adduced evidence to show that it 
signified a tuberculous lesion of the kidney and not simply the excretion 
of the tubercle bacilli by the kidney from the blood stieani 

With unproved antigens prepaied from human and bovine tubeicle 
bacilli, Thj^tta and Guilder sen cained out complement-fixation tests 
in 325 specimens of blood serum The authors felt that the test could 
not be compared with the Wassermann test in syphilis Its value ivas 
not great m pulmonary tuberculosis, and no dependence could be placed 
on It in tuberculosis of the bones and joints or in tuberculosis of the 
skill 

PYOGENIC AND OTHER INI ECTIONS 

Wilensky found the spine involved in only 9 of 578 cases of 
osteomyelitis, 1 5 per cent The mortality rate was high from 35 to 
45 per cent Cases in which the posterior neural arch w'as affected gaie 
the best prognosis 

Porter and Rucker-" treated fire patients w'lth acute gonococcal 
scnoMtis of the knee joint with serofibrinous or purulent exudates w’ltli 
aspiration and air insufflation Thej said that the relief from local and 

16 Doub H P and Alenagh F R -tm J Roentgenol 21 149 (Feb ) 1929 

17 Hams R I Brit J Surg 16 464 (Jan ) 1929 

IS Tlijdtta T and Gunderson F Am Rc\ Tuberc 19 212 (Feb) 1929 

10 t\ ilcnsk\ \ O \nn Surg 89 561 ( \pril) 1929 

20 Porter \\ B and Rucker J F Air Insufflation in Treatment of \cutc 
Gonococcal S\no\itis of Knee Joint, J \ M A 92 1513 (Ma\ 4) 1929 
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constitutional stmptoms had been prompt and lasting In no case had 
there been an aftermath ot partial ankjlosis A return to normal 
t unction had occurred within an average ot twenty -three dajs 

■\RTHRITIS 

Ber^l Harding demonstiated that muscles that w asted as a sequel to 
arthiitis showed a great increase in oxjgen consumption (8 3 cc com- 
pared with the normal 4 6 cc per one gram ot muscle per one minute) 
w'hereas muscles that wasted as a sequel to disuse showed a normal con- 
sumption ot OX} gen (5 1 cc ) She suggested that this increase was 
the result ot an increased catabolism and that atroph} resulted from 
the failure ot the reparative powers to keep pace with the undue tissue 
breakdown In disuse atroph\ there was no increased catabolism but 
simph an impairment of the s\nthetic powers ot the affected muscles 
Harding postulated that the increased catabolism might be due to an 
increase m the number of sensor\ impulses arising m the joint and m 
proof ot this she found that division ot the posterior nerve roots suppl} - 
mg the arthritic joint pre\ented the muscle from wasting The expeii- 
ments w'ere controlled 

[Ed Note — This seems to us a realh important contribution to the 
knowledge of atroph} The tacts seem to show that there is more than 
a simple disuse atroph} in certain of these cases ] 

Pemberton -- m discussing the rationale of ph\ siotherapy in arthritis, 
noted that the onh undoubted influence of massage heat and exercises 
w'as through their effect on the peripheral circulation Exercise induced 
a S}Stematic acidosis that led to alkalosis while massage had no such 
influence on the acid base equilibrium 

Haden believed that practicalh all cases of acute arthritis w ere 
due to intection In chronic atrophic arthritis all evident toci of infec- 
tion ought to be remoAed usual!} in teeth, tonsils and sinuses It should 
lie remembered that arthritis represents the interaction of focus and 
patient He said that man} chronic intections occurred without arthritis 
IMuch more could be expected clmicalh from the remoial of an actne 
infection than from the elimination ot a mild simptomless one Chronic 
hipertrophic arthritis was not primarih an infectious disease Foci ot 
infection should be remo^ecl because tbe\ were harmtul in themsehcs 
not because their remo^al might influence the disease 

[Ed Note — Neither of these articles presents an^ thing particular!} 
new on the subject Haden s stand on infection is apparenth growing 
stronger His point as to actne infections is perhaps true but to decide 
as to the actnite of such an infection is a difficult matter ] 

21 Hardinsr 12 B Eaiicct 1 43i (March 2) 1929 

22 Pemberton R Radiologr 12 235 (Marchl 1929 

23 Haden R L 1 Mn^oun M \ 26 1 (Jan ) 1929 
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DISORDI us 01 1 m. M.inous SYSILM 

Steindlci,'* in a pieliminai}' icpoil, atlemptcd b} using the oscillo- 
giaph to deteimine the eft ect of sectioning the lami communication of 
the s)mpathetic S3'stcm He levicwcd hiiefly the anatomic, plnsiologic 
and clinical evidence foi the lationalc of this jnoceduic, the importance 
of which was emphasized hy Huntci and Ro3le a few yeais ago Using 
the gasti oenemiiis and the quadiieeps muscles, he lecorded the four 
stages of musculai action (lest, hegmning mneivation, maximum inner- 
vation and lelaxation) m noimal peisons, in a patient vith Bueigers 
disease following sympathetic lamisection, in anothei patient with 
hemiplegia and m a case of musculai d3stiophy In the last thiee theie 
was a distinct leduction in the late of oscillation of the action curient 
Following lamisection m a case of spastic paial3sis, theie vas also 
1 eduction m the fiequeney and amplitude of oscillations on the s\m- 
pathectomi/ed side 1 hese ohsei vations suggested to Steindlei that 
following lamisection theie was considerable change in the i espouse 
of the S3anpathetic S3'stem, hut whcthei it was due entiielv to the 
elimination of the mneivation oi secondaril3' to changed metahohsin 
(alteied blood suppl3’^ as suggested hy Cobh) could not he detei mined 

Pollock and Davis,-'’ aftei expeiiments with deceiehrate animals, 
weie of the belief that theie was a wholl3’’ new mechanism to explain 
the plasticity and the lengthening and shoitening leaction of muscles 
It was not m haimony with the all-oi-none activit3' of individual fibeis, 
which was the basis of the Shenington conception The3 said that die 
extensibility of a muscle cluiing a tonic leflex might he an intei mediate 
state of muscle conti action The opposing muscle was dependent on 
the mtegnty of the posteiioi loots foi the piopeity of shoitening to 
accommodate to the lengthening of the agonist with a pioved adjustment 
to new length and load against which it woiks 

Wilfred Hams lecoided two instances of piessuie neuiitis of the 
deep blanch of the ulnai neive, in a hootmakei and a motor C3'clist, 
lespectively The paialysis was limited to the ahductois and adductois 
of the thiee outei fingeis and the adductois of the thumb Theie was 
no wasting of either thenai oi h3'pothenai eminence, and no weakness 
of abduction oi opposition of thumb and little fingei Gieat difficulty 
was expel lenced m wi itmg and in picking up a pm ITai i is could find 
no lefeience to this occupational piessure ncinitis m the liteiatuie but 
Woi ster-Di ought fouiteen days latei wiote that he had seen foui 
similai cases m the past two 3'ears 

24 Steincller A , incl Lmclennnn, E J Bone & Joint Surg 11 1 (Jsn ) 1929 

25 Pollock L J, and Da\is, L Muscle Tone Extensibility of Muscles m 
Decerebrate Rigidity, Arcli Neurol & Psjcliiat 21 19 (Jan) 1929 

26 Harris Wilfred Brit J 1 98 (Jan 19) 1929 

27 W’orster-Drought, C Brit Af J 1 247 (Eeb 9) 1929 

fTo be cpiicl tided) 
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MISCELL\NEOLS 

Sonic Aspects of flic Plnsiology of Musctilai Excicisc — B} studies 
ot cardiac output, pulse rate, blood flo\\ , ^ ital capacity of the lungs and 
chemical changes in the blood, Bock and his co-^\ orkers ere able to 
show that \ast difterences existed between athletes m training and 
persons ot sedentary existences m their reaction to muscular exercise 
DejMar, the tamous Marathon runner, was compared to three persons 
leading much less actn e In es The studies demonstrated that s} stematic 
plnsical training carried out o\er long periods of time increases the 
lung capacit} induces a slow pulse rate, increases the stroke a olume ot 
the heart reduces sjstemic blood pressure during work and apparent!} 
great!} increases the oxidation capacit} ot the muscle cells 

[Ed Note — Bock’s studies are ot great clinical importance in that 
bi estimating these \arious factors accurate knowledge can be obtained 
concerning a patient s pliA sical fitness The neurasthenic person, for 
instance although qpparenth unable to pertorm man} tasks ma} be 
found by these studies actual!} to be capable of rather strenuous exer- 
cise On the other hand, a person comalescing from a prolonged illness 
w ill show low resen e pow er ] 

Painful Slioiildei — Perkins-® separated tour clinical t}pes from the 
mam examples of painful shoulder (1) Adhesions around the joint 
characterized b} limitation ot moAcment at the shoulder joint through 
the outer half of its range It is curable b} maiiipulatn e surgical inter- 
Aention (2) The so-called subdeltoid bursitis A\hich he preterred to 
call tendinitis, characterized b} painful moAcments through a small arc 
in the middle of the normal range It is curable in the Iia peracute stage 
h} operation (remoAal of the calcareous nodule m the tendon ot the 
supraspinatus) and m the acute stage b} resting the shoulder joint m 
paitial abduction, AAith the assistance ot time ( 3) Osteo- arthritis ot the 
shoulder joint, characterized b} painful extremes of mOAement It is 
incurable but capable of alleAiation In ph} siotherapA f4) Subacute 
arthritis of the shoulder joint characterized In muscle spasm at the 
commencement ot moAement The patient should be treated b\ rest 
on an abduction splint and the eradication ot septic foci trom the bodA 
Brailsford examined roentgenographicalh 347 patients complain- 
ing of pain in the region ot the shoulder TittA per cent shoA\ed no 
abnormahtA The commonest change to be noted \Aas osteo-arthritis ot 
the acromioclaA icular joint (7 per cent) and osteo-arthritis ot the 
shoulder joint (3 per cent) shoA\n In pointing and irregularitA ot the 
articular margins Undetected tractures AAcre present in 3 per cent 

2S Hock \ \ ^CAA rnghnd T MacI 200 638 CMarcn 28') 102Q 

20 Perkin- Cl Proc Ro\ Soc Med fSect Orthnp “I 22 20 (Ttli ) ]''2^ 

30 P, rail-lord T T Frit M T 1 290 fPeb 16) 1929 
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and loose bodies in 1 5 pci cent J iibciciilosis accounted foi 4 pci cent 
Biailsfoid believed that the aieas in the head of the hiimcius, described 
b}^ A L Fishei " as due to focal ncciosis bronglit about b) amebic 
infestation, aie vaiieties of tbe noimal cancellous stiuctuic of the head 
of the Iniinei us 

I Ed Noti: — Pei kins’ classification of the causes of shoulder pain 
IS simple and of piactical ^aluc Injuiy of tbe supraspinatus tendon 
should be included as anotlici cause of pain Codman’s studies have 
shown this condition to be much nioie common than is supposed ] 

31 Fiilicr, L 1 Bone & Joint Siirg 10 46 (Jan ) 1928 


(To be Concluded) 
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“CARCINOMA OF THE MALE BREAST” 

To the Editor — In A.pnl, 1927, I published an article in the ARCHitES under 
the title gi\en It contained a table showing data on the cases of lort\-one patients 
who were alne at that time 

FoUozo-Up Data on the Forty-One Patients 


Case Date of 
Operator Designation Operation 


Hodge 

Hubbard 

Mackenzie 

Berg 

Dearer 

Judd 

Derg 

Lee 

Colvm 

Wood 

Buchanan 

Adair 

Coley 

Cheerer 

Holman 

Moschointz 

Judd 

Whipple 

I/Ce 

Bloodgood 

Berg 

Berg 

Sumner 

CapircU 

Cooke 

AuchincIoES 

Cameron 

Jeanneny 

St John 

Old 

Woolf 


Speed 

Judd ' 

Adair 

Boughton 

Sullivan 

Tannenbaura 

Peck 

Judd 

Morgans 

Propst 


W F M 

a/2S/n 

M ^ 

10/ 4/13 


5/ 0/15 

J G 

6/ ’/17 

J F 

5/24/19 

>0 5 

?/ ?/19 

L 

5/20/20 

J 0^ 

9/17/20 

1/19/21 

J 0 c 

1/25/21 

J c 

6/22/21 

S A A 

9/12 21 

C B 

y ?/21 

2/ 4/22 

J L 

5/ 3/22 

S 

6/17/ZJ 

^o 17 

1922 

W M 

1/21/23 

G D E 

2/ 3/23 

J A J 

2/23/23 

C D 

ZI79I2Z 

S P 

5/ 1/23 

M E 

7/17/23 

F Q 

71 ?/23 

A W J 

2/ 0/24 

W P 

2l2!>l2i 

5/13/24 

^o 1 

SllOlU 

F W 

71 2/24 

R W S 

S/23/24 

G W 

7/31/24 

M C 

9/ 9/24 


12/24/10 

M B 

2/ ’/25 

J A S 

5120/25 

J H G 

S/29/25 

F A 

9/ 5/25 

C McK 

9/13/25 

ho 14 

1023’ 

E M 

0/ 1/26 

M B 

C/1S/2G 


Well 10/23/29 
Well July 1929 

Died 3/9/23 apoplexy said to be free from cancor 

WcU 11/7/2S 

Well June 1929 

Died 8/19/27 recurrence 

WeU U/18/2S 

WeU 10/17/2S 

9/5/29 cancer free health poor 

WeU June 1929 

Died recurrence Peb 15 1929 

Died December 1927 apoplexy said to be cancer free 
Well August 1927 
Well 6/20/29 

Died SIX year' later foUowing an operation nature 
unknotm 
WeU 6/29/28 
WeU 6/20,29 
Died 1/9/29 recurrence 
WeU June 1929 
WeU June 1929 
WeU October 1923 
Died 4/7/25 recurrence 
WeU ^ov 5 1929 
W eU October 1923 
Died October 1926 
WeU 11/30/28 
WeU 2/7/29 
WeU 6/21/29 

October 1927 alive with recurrence in chest and abdo 
men must be dead now 7/23/_9 could not get further 
data 

Died 11/2/27 recurrence 

Died August 1917 recurrence 

Returned to Italj to lice and cannot be found 

WcU June 1929 

WeU October, I^IS 

Well 7/1/29 

WcU June 16 1029 

Ded one year five month' after operation said to lx 
from influenza and free from cancer 

WcU August 1929 


This list has been followed up as well as possible, and the data so far as 
available at the present date are set forth in the accompanying table 

Of the forte -one, no later record could be obtained from lour Eleven have 
since died mostlv of recurrence at the following periods alter operation eight 
years and ’ten months six tears and eleven months, eight vears five tears and 
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ten months , six vcars , five years and eight months , four j cars and nine months , 
two j'ears and five months, tlircc a cars and two moiitlis, one >car and eight 
months, and one period iiiiKnown 

Twenty-six arc known to be due at \arious periods, the longest being eighteen 
years and five months Seventeen arc ali\c more than fi\c \cars after operation 
The latter figures are important as previous to this stiuU it was considered by 
some w'riters that no male patient with a proecd case of carcinoma of the breast 
had lived for five years after operation 

J M WAiNwianiT, Af D , Scranton, Pa 
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PHRENICECTOAIY IX THE TREAT^^IEXT OF 
PULMONARY DISEASES 

AX ANAL\SIS OF SIXTI-THREE CASES'^ 

JULIA.N A MOORE, .M D 

ANN ARBOR, MICH 

M'hile much has been written about phrenicectom} , teiA reporters 
haAe eA’-aluated the results of the operation in a large series of cases 
This article, in Avhich the late results ot phrenicectomA pertormed bj 
the surgical staff of the Universitj Hospital tor Aarious pulmonarA 
diseases are considered, is presented as a contribution toward a better 
appreciation of the indications for the procedure 

HISTORY 

In 1911, Stuertz ^ first suggested parahzing halt the diaphragm bj 
diA'ision of the phrenic nen^e in the base of the neck, in order to relax 
a diseased low'er lobe ivhich could not be compressed b} artificial pneu- 
mothorax He behet'ed that it was especialh indicated m basal bronchi- 
ectasis and tuberculosis Sauerbruch,- in 1913, reported fi\e cases m 
which he had performed phrenicotomy 

In the next few years the operation A\as pertormed bA other 
European surgeons for a rariet) of pulmonarr lesions Walther,’ in 
1914, showed that simple phrenicotomv did not completeh parahze the 
diaphragm in more than 50 per cent of cases and that in 20 per cent 
of the cases normal function returned 

* Submitted for publication, Sept 3, 1929 

* From the Department of Surgeri Unncrsiti Hospital the Unuersiti of 
Michigan Medical School 

* Thesis submitted to the Faculu of Surger\ ot the Graduate School ot 
Medicine of the Unnersiti of Penns\l\ania in partial lulfilment ot the require- 
ments for the degree of Master ot Medical Science tor graduate work in surger\ 

1 Stuertz Kunstliche Zwerchlellahmung bei --chweren chroni=chen eiii'Citi- 
gen Liingcnerkrankiingen Deutsche med M chn-chr 37 2224 1911 

2 Sauerbruch F Die Beeinflusvung ion Lungenerkrankungtn durch 
kunsthcher Lahmung des Zwerchfelles (Phrenikotomie') Munchen med W chnschr 
60 625 1913 

3 Walther H E Rontgeiiologi^che L ntcrsuchungen uber die W irkung der 
PhrenikotoniiL Rtitr z klin Cliir 90 3a9 1914 
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Goetzc ‘ and Felix showed that fiom 20 to SO pci cent of persons 
have one oi moie .lecessoiy phienic ner\es and that tlie suprapleural 
S3inpathetic plexus sends motoi fiheis to the diaphiagm through the 
phienic neive In oidei to insuie complete pai.il}sis of half of the 
diaphragm, Goet/e ' jnoposed his ladieal phienicectomy in which he 
exposed the phienic neive fieed it ftom coimcetmg sympathetic fibers, 
lesected 1 cm oi moie exposed the nene to the suhclavius, which nearh 
always contains the acecssoiy phicnie fibers when jncsent, and resected 
2 cm of it Felix" pioposed c\ulsion or exeiesis of the nerve for a 
distance that would insuie bieaking its connection uith the suprapleural 
plexus and all accessoi} neives 

The woik of Felix and Goet/e sened to popularize the operation 
on the continent The excellent monogiaph of John Alexandei,' “The 
Suigei} of Pulmonan Tuheiculosis,” populaiized the opeiation in 
Amei ica 

A.NATOMIC AND P1I\SI0L0GIC ErmCTS Or PIIRENICECTOMy 

Intel luption of the phienic and accessoi y phienic nerves causes an 
immediate paialysis and subsequent atiophy of the conesponding half 
of the diaphiagm, which lemams in the position of expiration and 
uses still highei as atioph} pi ogi esses It may rise from 1 to 10 cm 
on the light and fiom 1 to 8 on the left side, the maximum use often 
occuirmg weeks oi months latei During noimal inspiiation it may 
descend slightly because of the tug exeited directly by the unpaialj^zed 
side In foiced lesi^iiation oi on sniffing, the paial}zed side mo^es 
pai adoxically 

Aftei exeiesis oi ladical phienicectomy the muscle does not regen- 
erate, although Zadek and Sonnenfeld® lepoited one case of return of 
normal function eighteen months after exeresis In one of our own cases 
an evulsion of 10 cm of the left phrenic neive and a resection of 1 cm 
of the neive to the suhclavius were done Immediately after operation 
and two months latei there were definite paralysis and paradoxic move- 
ment of the left side of the diaphragm as shown by the fluoioscope 

4 Goetze, Otto Die radicale Phrenikotomie als selbstandiger therapeutischer 
Eingriff bei der chirurgischen Lungentuberkulose, Arch f klin Chir 121 244, 
1922 , Die radicale Phrenikotomie als selbstandiger therapeutischer Eingriff bei 
einseiger Lunger-phthisis, Klin Wchnschr 1 1496, 1922 

5 Felix, Will} Anatomische experimentelle und khnisch Untersuchungen 
uber den Phrenikus und uber die Zwerchfellinervation, Deutsche Ztschr f Chir 
171 283, 1922 , Untersuchungen uber den Spannungsrustand und die Bewegung 
der gelahmten Zwerchfelles, Ztschr f d ges exper med 33 458, 1923 

6 Felix (footnote 5, first reference) 

7 Alexander, John Surgerj of Pulmonary Tuberculosis, Philadelphn, Lea 
&. Febiger, 1925, \ol 15, p 175 

8 Zadek, quoted bv Sonnenfeld, \rthur Khnisch Beitrage zum Wirkungs- 
meclnnismus der isoherten Phrenikus Exlniresc, Beitr z Klin d Tuberk G9 340, 
1928 
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Nine months later fluoroscopic examination shoA\ed paradoxic moie- 
ment of the left side of the diaphragm on sniffing, but on torced inspi- 
ration an excursion of 3 cm of normal motion, the left side of the 
diaphragm lagging behind the right 

The rise of the diaphragm decreases the capacit} of the lung trom 
one-fourth to one-tlurd (Gercelez®), or from 400 to 800 cc 
(Brunner It partiall} compresses and relaxes the lung and 

abolishes the tug of the diaphragm on the diseased lung As a rule 
the rise of the diaphragm interferes in no ^\a^ iMth respiration nor does 
it produce d}spnea Lemon has shown this by his experiments on 
dogs Dunner, Lasar and INIecklenburg reported the case of a child 
w ho had a bilateral phremco-exeresis done w ithout respirator} difficult^ 
It usual!} makes cough and expectoration easier, though sometimes the 
re\erse is true 

RATIOK\LE OF THE PROCEDURE 

The therapeutic ideal in the treatment for pulmonar} diseases is rest 
Surgically, it is best obtained b} (1) arPficial pneumothorax (2) 
thoracoplasty, (3) multiple intercostal neurectomy plus phrenicectomi 
and (4) phrenicectomy, in the order named The latter onl} partial!} 
lests and compresses the diseased lung, and because of this incomplete- 
ness It cannot take the place of the other three methods Howe%er, the 
added rest and compression gl^en by parahsis of the hemidiaphragm 
are often enough to influence markedl} the pathologic condition 

Most obseiwers ascribe the beneficial eftects of hemidiaphragmatic 
paralysis to the partial rest, relaxation and compression of the diseased 
lung thus produced and to the diminution of the amount of toxins 
pumped into the circulation Dunner, Lasar and Mecklenburg denied 
that any compression or rest of the lung occurs and expressed the belief 
that interference wuth the vagus and sympathetic fibers to the lung dur- 
ing evulsion of the ner\e explains the effect Sergent and Baum- 
gartner expressed the belief that the effect of phrenicectomi is 

9 Gercelez, quoted b\ Sonnenfeld Beitr z Klin d Tuberk 69 340, 1928 

10 Brunner, \ Die Prognosis bei der operationen Behandlung der Lungen- 
tuberkulosc. Arch f klin Chir 121 482 1922 

11 Lemon, W S The Physiologic Eftect of Phrenic Xcurectom\ \rcli 
Surg 14 345 (Jan ) 1927 

12 Dunner, Lasar and Mecklenburg Alax Zum w orkingsmechanismus der 
Plircnikus Exhairese Ztschr f Tuberk 46 406 1926 

13 Dunner and Lasar Zur Erage der Plirenikus Exhairese Ztschr t 
Tuberk 49 31 1926 Dunner and Mecklenburg Der Einfluss der Phreiiikus 
Exhairese auf die Atniung Deutsche med Wchii^chr 52 1819 (Oct ) 1926 
Eootnote 12 

14 Sergent E and Baumgartner R ^ propos de huit cas de phrcnicccto- 
mie Bull et mem Soc med d hop de Pans 42 20 Clan') 1926 



184 


ARCHIVES ()! WRGERY 


In gioiip 2 theie weie five cases of piilmonaij tuberculosis in which 
aftei phi enicectoni}’ was clone to supplement jineumothorax the expecta- 
tion was fulfilled in 80 pei cent Figuic 2 illustrates how phrenicec- 
tomy may inciease the collapse obtainable bj pneumothorax 

The indication m one of the cases was to stop movement of the 
light side of the diaphiagm and to mcieasc the collapse The condi- 
tion of the patient improved 

In three cases, phrenicectomv was done to supplement pneumo- 
thorax and to inciease collapse In two of the patients the condition 
improved and m one it was unimproved 



Fig 3 (E M ) — A, case of far advanced bilateral pulmonary tuberculosis 
Worse on the left side B, seven days after phrenicectomy, showing rise of dia- 
phragm The patient had shown some clinical improvement 


In one case phrenicectomy was done to release the pull of adhesions 
on the apex and middle lobe, to stop hemoptysis and to increase collapse 
The hemorrhages were stopped, and the patient’s condition improved 
At present four of these patients have improved and one is worse 
Group 3 consists of four cases of tuberculosis in which phrenicec- 
tomy was done as a complement to multiple intercostal neurectomy, one 
of which IS illustrated in figure 3 

Expectation was fulfilled in all four in that there was definite par- 
al} sis and paradoxic movement of the diaphragm and in two cases a 
definite rise of the diaphragm In one there ^was improvement after 
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phrenicectom} alone All of the patients had far advanced tuberculosis, 
were not suitable risks for thoracoplasty and nothing w'as expected 
from the phrenicectomy alone 

At present one of these patients is well, tw'o have improved and one 
is w'orse 

Group 4 consists of eleven cases of pulmonarj tuberculosis in w'hich 
phrenicectomy was used as an independent procedure The expectation 
was fulfilled in nine and not in two, a percentage of 82 Figure 4 illus- 
trates a case of this group 

Seven ware cases of far advanced tuberculosis involving both lungs, 
m which pneumothorax could not be induced In six of these phrenicec- 


Fig 4 (A L) — Aj far advanced bilateral pulmonarv tuberculosis, worse on 
the left with a large amount of fibrosis B, twentv months after left phrenic- 
ectomv, showing great improvement 


toni) was done to improva the worst side, m four there was improve- 
ment and m two there was not In one case phrenicectomv was done 
on the worst side to stop repeated hemorrhages, which it did, and 
improvement followed 

One patient had earlv' tuberculosis m both apexes, and began to 
have repeated bemoribages A left phrenicectomv stopped the bleed- 


Onc patient had basal tuberculosis with a cavitv m the lower lobe 
Plirenicectomv greatlv improved the lesion but did not quite close the 
cavitv pneiimotborax was induced later 
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Two patients had model atcly .uhanced tuberculosis, for which 
phrenicectomy was done to contiol the lesions Both have iinpioved 
One patient with fai advanced tubeiculosis who was much improved 
on dischaige became woise at home and died two months later 

At present two of these patients are well, five have improved, the 
condition of one is unchanged, two aie dead and the result for one is 
unknown 

Gioup 5, lepiesented by figuie 5, consists of thirteen cases of 
bionchiectasis, of which fi\e were right-sided, five left-sided, three 
bilateral but woise on one side, and two cases of fibious pneumonitis 



i._ 


Fig 5 (G S ) — A, a case of left basal bronchiectasis — injection of iodized oil 
B, three months after phrenicectomy, showing rise of diaphragm There was 
great temporary improvement for three weeks, and the patient is now worse than 
before phrenicectomy 

The indications in three were palliation and as preliminary to 
thoracoplasty In two there was moderate temporal y impiovement and 
in one slight temporary improvement, which was not lasting and thoia- 
coplasty was performed 

In three patients the operation was done to supplement pneumo- 
thorax Of these, one has improved slightl}^ the sputum being i educed 
75 per cent, one has improved moderatel}^ foi sixteen months and one 
improved moderately for several weeks, but required thoracoplasty later 

In four patients, phrenicectomy was done for palliation of bronchi- 
ectasis One showed what was an apparent cure for two months and 
could be follow ed no longer , two show'ed slight temporary improvement 
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for a fe^\ A\eeks and then lost it, one showed great impro\ement for a 
few weeks and latei became worse 

In one case, the operation was done for palliation and as a pre- 
hininar} to lobectom\ The patient showed great lmpro^ement for 
three weeks and then lost it Alter a four-stage lobectoin} he is now 
getting well 

In one case phrenicectomx was done to stop hemorrhages The 
patient has had no more hemorihages and has been greatly lmpro^ed 
for eighteen months 

One indication w as to relie\ e the pull on the mediastinum, to reliei e 
dyspnea and as a proph^laxls against further dilatation of the bronchi 
The patient has maintained great impro\ement for two \ears 

In one case of fibroid pneumonitis, phrenicectomi was done as 
prophilaxis against dilatation ot the bronchi The patient has been 
lost from obseriation 

One patient had a fibroid pneumonia and suffered from great pain 
due to diaphragmatic adhesions She was temporarih relle^ed but 
the pain is now w'orse, ten months later 

In these fifteen patients, the expectation w as fulfilled in eight, parth 
in three and not at all m four Fourteen showed ^arMng degrees of 
lmpro^ement, nine being onh tempoian Fne ha^e held their impro\e- 
ment to date, the longest period being two }ears since operation In 
onh 35 per cent of the patients was impro\ement more than temporari 

At present fi^e patients in this group ha\e improied, the condition 
of three is unchanged two are worse three are dead and for two the 
results are unknown 

Group 6 consists of six cases of pulmonar} abscess and four of 
chronic pulmonar} suppuration 

In the cases of abscess phrenicectoni} was indicated to stop 
hemorrhage and llnpro^e the abscess m one case, and to cure basal 
pulmonar} abscess m one case In both the results were unsuccessful, 
and in the latter thoracoplasti and cauteri pneumoiiectom} were done 
later after which the patient recoiered In tw o cases temporar} plirenic- 
ectomi followed b} postural dramage cured abscesses ot the left upper 
lobe In one case it was done to cure pulmonar} abscess, as the results 
were unsuccessful pneumothorax was then induced and was followed 
b\ great impro\ emeiit fiie months later the patient was operated on b\ 
another suigeon and died In one case pbrenicectom\ was done to cure 
abscess ot the upper right lobe moderate teniporari improiement lol- 
lowed lasting for three weeks then recrudescence ot the absccs<= 
occuried and required surgical drainage The patient is now well 
Figure 6 illustrates a case ot pulnionari abscess m which the patient 
was cured b\ phrenicectoini 
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One patient in yioii]) 6 li.ul .i small ehionie siipiadiaphiagmatic 
empyema with a bleeding l)ioneho])leiii.il fistula A phienicectoiny 
completely cuied him 

In one patient, phienieeetom) w.is done foi palliation of left basal 
chionic suppmative eaveinoiis pneumonitis l^ostuial drainage was 
then instituted, and he is gie.itly impiovcd five months later 

Phienicectoiny was done, aftci pneumothoiax failed, as a piehininaiy 
to thoiaeoplasty on a patient with ehionic pulmonary suppuration and 
subacute empyema It w'as of no benefit, and the patient died aftci 
thoi acoplasty 

In one case of ehionic cavcinous and suppmative pneumonitis 
phienicectoiny w'as done to stop repeated hemoiihages This it did. 



Fig 6 (L B ) — A, case of pulmonary ibscess of tlic left upper lobe D, ten 
weeks after temporary phremcectomy, showing rise of diaphragm Abscess com- 
pletely healed 


but subsequent diainage was lequiied and the patient is now getting 
well 

The expectation was fulfilled in five of these ten patients At pres- 
ent foul patients m this gioup aie well, thiee have unproved and thiee 
aie dead 


CONCLUSIONS 

In evaluating the icsults of phienicectoiny in this senes of cases, 
I have tiled to determine in each instance whethei phienicectoiny did 
w'hat w%as expected of it or not In pulmonary lesions, in which phrenic- 
ectoiny w-as used as an independent proceduie, impiovement of the 
jiaticnt W'as the criterion foi its success Howevei, m cases m which 
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phrenicectoni} as used supplementar\ to thoracoplast} , intercostal neu- 
rectonn or pneumothorax, some of the patients did not shoi\ impro\e- 
ment trom the phrenicectom\ alone The operation, however, was 
considered successtui when the anatomic result (paralvsis and nse of 
the diaphragm) did increase the compression obtained bv thoracoplastv , 
the amount of relaxation of the lung produced bv intercostal neu- 
rectoni} and the degree ot collapse in cases of artificial pneumothorax 
The success or tailure of compression therapj in these cases must nghtlv 
be credited to thoracoplast}, intercostal neurectomv or pneumothorax 

After anal} zing a series of sixt} -three cases with follow-up reports 
of sixt}. It IS found that phrenicectom} fulfilled its expectation in 75 
per cent of a wide variety of pulmonar}' diseases As alleviation rather 
than cure was the most that could be expected in a great majorit} of 
cases, it was necessarv to employ further surgical procedures From 
the experience of the surgical department of the Universit} Hospital I 
have drawn several conclusions, as follows 

1 Phrenicectom} is a procedure of definite value in the surgical 
treatment for pulmonar} diseases It has numerous indications, but in 
a large majority of instances, it will be onh a step in the surgical inter- 
v'ention of various pulmonar}" lesions, and one must be prepared to 
proceed with further measures when indicated 

2 Its widest field of application is in the treatment for predomin- 
antly unilateral pulmonar} tuberculosis 

I believe that it should be used preliminar} to ever} extrapleural 
thoracoplasty 

As a supplement to artificial pneumothorax therap}, I believe that 
It definitel} enhances the value of this form of treatment, and will 
change man} cases of unsatisfactory collapse into satisfactoiw ones I 
believe that it should be used much more frequentl} that is the general 
custom 

Combined with multiple intercostal neurectom}, phrenicectom} 
ofters a chance for cure in a small number of patients in whom pneu- 
mothorax or thoracoplast} should not or cannot be done 

As an independent procedure in the treatment for pulmonarv tuber- 
culosis, Its indications are rapidlv growing In selected cases one can 
expect improvement from phrenicectom} alone in SO per cent 

3 In bronchiectasis one ma} occasional!} obtain a brilliant cure 
but as a rule the most that can be expected ot phrenicectom} is improve- 
ment that is not permanent In carlv cases of unilateral disease 
phrenicectomv combined with subsequent postural drainage is the treat- 
ment of choice I believe that it should be seriou'^lv considered as a 
prophvlaxis against bronchiectasis in everv case ot «o-called fibroid 
pneumonia 



Case"; G)oupcd Accoiding lo Dism /» 


Patient 
Age Sex 


F B 
26 $ 

R i 
to cT 

R M R 
29 d 

Tj N 
21 $ 

G M 1/ 
26 ? 


I) G P 
43 d 


0 R S 

22 d 


E R 
26 9 

G W L 
21 d 


0 P 
23 d 

D B 
28 d 
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Par advanced tuberculosis 
of left apex, uitli cariti, 
early lesion of right apex 
Par advanced fibrotic tu 
berculosis of right lung 

Par advanced tuberculosis 
of left lung, healed lesion 
of right apex tuberculous 
salpingitis and peritonitis 
Par advanced tuberculous 
car Ration of right side 


Par advanced ti berculosis 
of right lung ruth eavitj , 
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Right exeresis. 

Acs 

+ 

5 cm 

No impror e- 

Two stage 
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Right exeresis 

Acs 

■1- 

3 cm 

Improve- 

Improved for s 
while, pnetiBO 
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after thoracopla^tj 

Better 

0 

240 CC 

ISO cc 

30 cc 

E^«J 

E isv 

ET-y 

\o 

No 

No 

09 

9S 

9b 

Improved 

^till on cure 

Mod 

Slight 

50 CC 

5 cc 

5 cc 


Easier 

Ea'^v 

Yes 


No 

oc C 

0^ C 

0- C 

Improved 

‘'till on curt 

Mod 

Sei ere 

•Xl cc 

(y) cc 

200 ce 

Sc^orL 

Eac\ 

Se\tre 

\fs 

Yc_ 

le- 

IfOC 

fto 

lf2 

M or c 

I itunt hac rir^rl 
spread m 
n^ht lunfc 



Mod 

Mod 

13 cc 

15 cc 

oOCC 




\c^ 

■ic_ 


^ h 

o^ 0 


DkhI 

D cd 1“ daj oltrr 




differ 









thoracopla«^> from 







CDCC 









spread to rifeht 
lung 

Gkol P 

2 — Supphiiuiitni \ to 

!rti filial Pin 

iiiiiolliorax 

—Ca 

tit of Pulmonarx Tubirctilosis 

1 t - 

None 


0 

0 




Mod 

Mod 

*^1 

t 



Impro\ c<l 

I ung a^o^TCll to 


rc-e\pnrn! 1 % "“ir 
jftfr phn.”!!' cl0Tr\ 
c-oTflition too 1 rr» 
or MM to I 




Imp linpTo\ininU lunp lMni>orar\ 



Cafcs Giotiped According to Disease fm 


Patient 

Age Sex 

J J S 
37 d 


M ly B 
22 2 


Mrs T B 
2G $ 


B B H 
51 9 


Mrs I Vf 
50 9 


M B 
28 9 


E W M 
17 d 


M E MeG 
27 c? 


H J H 
29 d 


Mrs 
A A L 
27 9 

G L 
21 d 
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B M S 
25 9 

H T B 

li 9 


Diagnosis 

Ear adt anced tuberculosis, 
mainly on loft ivitli can 
tntion, diabetes 


Ear advanced tuberculosis, 
mainly on right 


Ear advanced tuberculosis 
of right lung 


Ear advanced tuberculosis 
ol left lung 


Operation 
Indication and Date 


To supplement Left cxcrcsis 
pneumothorax 35 cm 10/1/27 
and to increase 
collapse of 
left lung 


To supplement Right phrcnl 

pneumothorax, cectomj 

to release pull 10/21/28 

of adhesions at 

apex and middle 

lobe and to stop 

hemoptysis 


To supplement Right everesis 
pneumothorax 115 cm 10/29/25 
and to increase 
collapse 


To supplement Right pbrcni 
pneumothorax cectomy 
and to obtain 10/21/28 
greater collapse 


Piiraljsls 

and Ri'-e 

Paradoxic of 

Movement Dm 
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1 daj 


Indetcr Improve 
minate ment 


Continuation ol 
pneumothoras 

and rest 


5cs T 
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Diagnosis 
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D A 

28 c? 

Far ady anced tuberculosis 
of both lungs yiorse on 
left yyitli cayities 

lo control 
cxtensiy e 
left lesions 

laift temporarj 

plneniccctomj 

ll/lcy2S 

Vos 

"h 

2 mo 

9 cm 

2 mo 

Improy e- 
ment 

Rest 

tv A 

C3 J 

Far advanced tuberculosis, 
nranly on left nitb cm 
tation tuberculossis 
of Enee 

To control 
extensn e left 
lesions after 
failure to induce 
pneumothorax 

Left pbrcniccc 
tomy 11/18/27 

Yes 

+ 

1 lear 

8 cm 

1 lenr 

Improy c- 
ment 

Best 

J Q 

63 c? 

Far ady anced tuberculosis, 
more on lett (Indian) 

To control 
progressiyc 
left lesions 

Left pbrcniccc 
toinj 2/11/27 

Xo 

2 dajs 

8 cm 

2 mo 

No improy c- 
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Rest artificnl 
pneumothony 
attempted 

err 

38 d 

Moderately ady anced tu 
berculosis of right lung, 
diabetes 

To control 
lesions after 
failure to induce 
pneumothorax 

Bight phrcni 
tcctomj S/8/28 

Ves 

+ 

2 mo 

4 cm 

2 mo 

Improy e 
ment 

Rest 

Mis \ T 
35 9 
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To control 
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2/16/27 
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paitlj 

+ 

3 mo 

7 cm 

3 mo 

Improy e- 
ment 

Rest, artiflci'il 
pneumoflioray 
finish closing cir 

ity on May ‘ ' 

Mrs 

E G P 

27 9 

Moderately advanced tu 
berculosis of left lung 

lo control 
left lesions 
after induction 

Left cxcicsis 

32 cm 11/10/27 
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+ 

1 daj 

Indetcr 
n mate 

Improy e 
ment 

Rest 


of pneumo 
thorax failed 
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7 days 

indefer ExcelJtnt nn 
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Mrs D W 
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therapy 

I/cft pbrcniccc 
tomy 10/5/27 

Yes 

+ 

5 days 

7 cm 

5 days 

Moderate im 
provement 

Geo C 
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Extensive bronchiectasis 
of left lung 
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thor icoplasty 

Left plirenicec 
tomy 5/9/27 
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4* 

1 day 
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minate 

Moderate im 
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tempororj 
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Bilateral bronchiectasis 
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cectomy 
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Bo 

4* 

4 days 

2 cm 

8 mo 
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4 E V 
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arteriosclerosis 

myocarditis 

Palliation 

Left temporary 
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1 mo 

Great im 
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Chronic bilateral basal 
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2 days 
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3 mo 
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Bronchiectasis of left 
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lobectomy 

Left cxercsis 
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2 mo 

2 cm 
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Great im- 
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Left bronchiectasis sicca 
left pulmonary fibrosis 
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against further 
dilatation of 
bronchi 

Ijcft pbreiiicec 
tomy jIoI2S 
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4 d lys 
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4 days 
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M \ B 
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Painful right diaplirag 
matic adhesions nglit 

basal fibrous pneumonitis 
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against bron 
chioctasis and 
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cectomy 
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No. + 

except 7 days 
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3 cm 

7 days 

Tompor iry 
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Grolp 5 — Cases of Bronchiectasis 
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0 K 

Bronchiectasis suppiii a 

To supplement 

Eight phrcni 

Acs 

4* 

2 cm 

Temporary 

Eib re'ection anJ 

44 cf 

tive pneumonitis lung 
rbsccss 

pneumothorav 

thciapy 

tertomy 

12/4/26 

foi a 
while 

10 dajs 

10 days 


drainage pulmo- 
nary ab'cess 
1/26/27 

E M H 

Bilateral bronchiect isis 

Pa'hation and 

Left phrcniccc- 

Acs 


3 cm 

Moderate im 

First stage tlion 

22 9 

mainly on left 

IS preliminary 
to thoracoplasty 

tomy 2/7/27 


7 days 

7 days 

provement, 

temporary 

eoplasty, 3h/’i, 
appendectoniy, 
4/4/27 

W M C 

Eight bronchiectasis light 

Palliation and 

Eight evercsis 

Acs 

4* 

5 cm 

Slight im 

Tliree-stage 

22 d 

lung abscess 

a proliniiuaiy 
to thoracopl isty 

6/2/2S 


2 days 

2 days 

provement, 

temporary 

thoracoplnstyi 
August, IR’j 

H AI 

2& d 

Syphilis left fibrous pneu 
monitis, atelectasis and 

1 ronchiectasis 

To relieve pull 
on mediasti 
num, to relievo 

Left phi cnicec 
tomy 4/1/27 

Acs 

4" 

25 days 

Indeter 
minate 
25 days 

Slight im 
provement 

Antisyphilitic 


M D S Eight bronchiectasis, e\ 
17 9 tensive 


QMS Bronchiectasis of 
30 9 middle lobe mild 


nght 


dyspnea, and as 
proplijla-?is 
against further 
embarrassment 
of heart 

To supplement Eight exeresis 
pneumothorav 12/10/2S 
md to increase 
collapse 

To check Eight cvercsis 

hemopti SIS G/16/2S 


Paitly + Indeter Slight im 

2 tvecks min ate prorement 
2 weeks 


Acs 


2 days 


Else 
indcter- 
min ite 


Great im 
pror ement 


Continuation oI 

pneuniothorar 
and rest 

Best for i 




Group 6 — Cases of Puhiiouaiy Snppniation 


M L C 
61 9 

Abscess of lung, right up 
per lobe, hemoptysis 

For hemoptysis Eight phreni 
and treatment cectomy 
for lung abscess 5/26/26 

No 

+ 5 cm 

7 days 7 days 

No improve 
ment 

Thoracopla'tt 
first stage 6/ /' 

2d stage 3/21/ ' , 

HAL 
26 d 

Chionic empyema wath 
bleeding, bronchopleural 
fistula 

To stop 
hemoptysis 

Eight e\eresis 

33 cm 2/3/27 

Acs 

-f Rise 

10 days indeter 
minate 

Great im 
provement 


AA 0 

30 d 

Lung abscess chrome ne 
phritis, artenosclerosis 
neuroretinitis, epilepsy 

For right 
basal lung 
abscess 

Eight excresis 

24 cm 10/8/27 

No 

+ Rise 

2 days 5 cm , 

2 days 

Slight im 

provement, 

temporary 

TIiorncopl“sW 
and cautwlt 
pneumonccio®' 
December,'^'' 


January, 17^ 


1 ( 

39 

0 

9 

Chronic right pulmonary 
suppuration with subacute 
empyema 

After pneumo Eight cxercsis 
thora-v. failed 1/14/28 

as preliminary 
to thoracoplasty 

No 

S H 

D 

d 

Abscess of upper left lobe 
of lung 

For lung 
abscess 

Temporary left 
phremcectomy 
6/16/28 

Temporory left 

phremcectomy 

10/6/28 

Acs 

L 0 
2S 

B 

d 

Subacute abscess of lung 
upper left lobe 

For lung 
abscess 

Acs 

G L 

D 

d 

I,cft basal chronic sup- 
purative cavernous pneu 
mon tis 

Palliation 

Left phrenicec 
tomy 10/6/28 

Acs 

T 

E 

d 

Abscess of right lower lobe 
of lung 

Lung abscess 

Temporary 
right phrcmccc 
tomy 7/21/28 

No 

T 

2^ 

D 

9 

Lung abscess upper right 
lobe 

Lung abscess 

Temporary 
nght phrenicec 
10/2/28 

No 

U 

t 

o 

Loft chronic pulmonary 
suppuration coinplicatcil 
liv o'-ti-omy ehtis of 
right fimur 

For sev ere 
lieinoptysis 

Temporary left 

phreniccctomy 

1/7/29 

Acs 


Indeter Indeter No improve 
minate minate ment 


-f- 3 cm Great im 

8 days 8 days provement 
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4 days 4 days provement 
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+ 
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minate provement 
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Grolip 6 — Cases of Pulmonary Suppuration 
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4 111 subacute and chionic pulmonaiy abscesses aftei lest in bed 
and postuial diainage have been tried, I believe that tempoiaiy phieni- 
cectomy will in selected cases allow the lung to lelax enough to peimit 
the cavity to contiact and heal the lesion It should leceive moie 
attention, in the tieatment foi pulmonaiy abscess, than is lepoited in the 
literature 

5 In cases of chronic pulmonaiy suppuiation or suppuiative pneu- 
monitis, I do not expect a great deal of phi emcectomy alone, but feel 
that It IS a valuable piocedure to be combined with othei suigical 
measures 



PAPILLOMAS OF THE CHOROID PLEXUS 


REPORT or TWO C \SES, ONE WITH REAIOWL OF TUMOR ^T OPERATION 
\XD ONE WITH seeding” OF THE TUMOR IN THE 
\ ENTRICULAR SYSTEM * 

WILLIAM P V-VN WA.GEXEX, MD 

ROCHESTER, V \ 

Papillomas ot the choroid plexus are a well known but relatiieh 
uncommon tumor m neuropathologic literature and much rarer still in 
surgical literature Two cases of a true papilloma of the choroid plexus 
of the lett lateral lentricle are here reported In one the tumor was 
lemoied m toto at operation and the other was encountered at autopsi 
The latter is ot especialh great interest m that it represents an instance 
ot “seeding” ot this t\pe of tumor throughout a portion of the rentricii- 
lar si stem Credence has not been gn en to “seeding” of papillomas 
of the choroid plexus though there are seieral descriptne cases in the 
literature 


REPORT or C \SES 

CiSE 1 (I S) — Sohd vascular tumor of mfciwr iiudial iic// of left lateral 
ventricle tn an infant, aged 3 months Roentgen treatment folloi<.tng dis- 
closure of tumor at oferatwii reduction in size of tumor crcision in toto at 
second stage opeiatwn Pathologically a true papilloma of the choroid plcrtts 

Clinical Rccoid — An infant, aged 3 months was admitted to the surgical sen ice 
on Sept 3 1928, because of bilateral internal squint and gradual enlargement ot 
the head The patient, a first child, was born at full term weighing pound^ 
(3 8 Kg) There was nothing of note in the birth record except slight difficult 
in getting the patient to breathe following a normal delnen Vomiting occurred 
several times at the age of 5 or 6 da\s, and hi podermoch ses of saline solution 
were gnen because of delndration At the age of 2]/^ months a left internal squint 
was noticed which cleared up in a dai or so and then recurred shorth after, with 
an internal squint on the opposite side This persisted up to the time of admis- 
sion About two weeks prior to entri the head was noted to be enlarging the 
leins of the scalp to be more prominent and the fontanels to be bulging more than 
usual Vomiting had occurred oiiK once in this two week period Tiid feedings 
had been taken about as usual 

Plnsical Examination — The patient was a well deieloped and well nourished 
actue infant with a moderateU enlarged head which measured A6 cm m it- 
greatest circumference and 30 cm from the glabella to the external occipital 
protuberance The fontanels were bulging modcrateh and the leins ot the 'calp 
were fairh prominent The onh cranial ner\e palsies noted were a bilateral 
abduceiis of moderate degree The left arm and leg did not =eem to be mo\cd 

* Submitted tor publication Sept 3, 1929 

* From the Department ot Surgcri the Lnner'-iti of Roche-ter School ot 
Medicine and Dciitiitn 
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quite as much as the right though there was not any actual weakness noted Deep 
reflexes on the left side were slightly increased over those on the right, neither 
observation was in keeping with subsequently disclosed conditions On Oct 1, 
1928, the right ventricle was tapped and clear fluid under increased tension escaped 
Twenty cubic centimeters of a 1 per cent solution of indigo carmine was introduced 
into the ventricle, and the left ventricle was tapped a few moments later On 
tapping the left ventricle, highly xanthochromic fluid, also under tension, escaped 
but no trace of the dye was encountered A lumbar puncture done about a half 
hour later showed that a faint trace of the dye had reached the lumbar sac 
Results of examination of the fluids appear m the accompanying tabulation 

Operation — On Oct 3, 1928, under ether anesthesia a left-sided bone flap was 
turned down The surface of the brain showed much flattening of the convolutions 
especially in the temporal region An incision was made in the postparietal region 
through the thinned cortex extending into the distended ventricle On the medial 
wall of the ventricle, about opposite the pineal gland region there was seen an 
irregular tumor mass 5 or 6 cm in length and 4 or 5 cm in height The surface was 
grayish red Around this tumor was a delicate envelope which was rather closely 
adherent to it The tumor appeared on inspection to be too vascular for biopsy 



Bight Ventricle 

Left \ontriclo 

Lumbar Sac Fluid 
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Increased 

Increased 

Normal 

Cells 

0 

Many old crenated 
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0 

Pnndj reaction 

+ 

+++ 

+ 

I’otal protein 

225 mg 
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Chlorides 

720 
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Sugar 

43 5 

54 
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Insuflacicnt 
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0 

0 

0 

Wissennann reaction 

Negative 

Negative 

Negative 

Guinea pig inoculation 
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Consequentlj an opening about 1 cm in diameter was made through the septum 
pellucidum to allow fluid to escape into the opposite ventricle A small decom- 
pression in the left subtemporal region was made The patient made an uneventful 
reco\er\ from the operation and was discharged on the tenth postoperative day 

Rocntgcti T) catment — The patient received deep roentgen treatments on Oct 
16 and No\ 6, 1928, and on Jan 15, 1929 There was moderate vomiting after 
tacli of these treatments 

Rciiitn — On Feb 6, 1929, the patient uas readmitted because of the slowly 
mere ising size of the head in spite of the roentgen treatment Otherwise tlie patient 
had de\ eloped normalh , and had gained steadily in weight and strength The head 
measured 52 cm in the greatest circumference, as compared with 46 cm on 
prcMous admission There ucre no cranial nerve or pyramidal tract palsies A 
rigln iiomon\mous hcmmopsia seemed certain from repeated examinations The 
foiUands were under moderate tension 

Opiratwit — On Teh 7 1929, the left-sided craniotomj wound w'as reopened 
ind the tumor exposed There was at once apparent a striking change m 
Its si7<. Tiid coiisisteiici The tumor was firmer, appeared less vascular, and 
seemed to ln\e decreased dmut 2 an m size in all dimensions On dissection 
iroiind the b ise it w as found to be connected w ith the choroid plexus Excision 
in toll) was aeeomphslied witli the aid oi the elcctrocautere The patient made a 


r -JV II iGL\E\~PAPILLOV -IS OP CHOROID PLEXLS 201 


good reco\er\ from operation did not appear to ha\e an\ prramidal tract palsies 
and r\as again discharged on the tenth postoperati% e da\ 

Comment — The anterior portion ot the choroid plexus i\as left intact though it 
probabK would In\e been better to ha\e put a siKer clip on its blood supph or to 
ha\e excised it entireh 

Pathologic Eiaminatwiis — A.fter hardening in a diluted solution of formalde- 
Inde (10 per cent), the tumor measured 4 5 b\ 3 cm (fig 1) It was definiteh 
delimited on all sides bi a thin delicate membrane of glial tissue On cut section 
the granular papillarr structure of the tumor could be made out Numerous 
minute casts were encountered Two fairh large arteries could be seen going 
into the tumor at its base where it was connected with the choroid plexus 
Histologic examination of the tumor showed it to be a tapical papilloma of the 
choroid plexus Each section shoaaed mariads of papillara projections most of 



s' 6 7 6 9 


Fig 1 (case 1) — Cut surfaces of tumor, papilloma of the choroid plexus and 
tumor III gross 

which had a connectiae tissue core, as demonstrated ba a an Gieson s and Perdrau s 
stains The papillae aaere coaered tor the most part ba a single laaer of cuboidal 
or columnar epithelium Pseudostratification occurred in some areas \o ciha 
could be seen, and blepharoplasten could be demonstrated ba either Hortega’s 
silatr carbonate or Bailea’s cthal aiolet orange G stain Glia fibers in the stroma 
of the tumor could not be made out (figs 2 and 3) The diagnosis aaas papilloma 
of the choroid plexus ot the left lateral aentncle ^ 

Clinical Com sc — Since discharge noaa eight months ago the patient has con- 
tinued to improae The head measures 49 cm in its greatest circumference as 
compared aaith 53 cm before the second operation and 46 cm beiore the first 
(fig 4) There are no piramidal tract palsies -X. partial right homon\mous 
hemianopia persists Growth has continued normalU 

C\sr 2 (I R ) — Enormous t'af'illoma of hjt ihoroid fh rus filing itiliri Ujt 
lattral -iiitnclc and third ZititricU Scidina of tumor in temporal horn of l,jt 
~Liitiiilc and otu imfhint in tight lahral ~ iiilriclt 
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Cluucal Rccoid — The patient, a boy, aged 13, was admitted on the pediatric 
service m a critical state on June 25, 1927 He was suffering from headache, 
weakness of all extremities, aphasia, loss of weight, and pain and swelling m the 
region of the left knee joint The father died at the age of 27, of pulmonary 
tuberculosis and tuberculous meningitis The patient was exposed to infection 
from the father for eight years 

About fourteen months prior to admission the patient had an attack of “influ- 
enza” following which he tired easily He became extremely “nervous,” had 
trembling of the hands and feet, and found it increasingly difficult to walk or to 
handle objects He continued to attend school until six months prior to entry 
At this time his speech became markedly affected, he could not “get his words” 



Fig 2 (case 1) — Papilloma of the choroid plexus showing the general archi- 
tecture of the tumor, phosphotungstic acid hematoxjlin stain, reduced from 
X 150 


and was much confused Headaches were severe Three and a half months prior 
to entr\ he was confined to bed He was observed m another hospital for thiee 
weeks where a pohuria as high as 3,900 cc a daj, with an average of from 2,400 
to 2 700 cc i da\ w is noted \ calcification to the left of the midline in the 
region of the pineal gland was demonstrated roentgenologically Lumbar puncture 
showed a clear fluid under tension,” with 27 cells globulin 3 — A diagnosis of 
till erculoiis meningitis with poUuria was considered In the interval between his 
sta\ at this hospital iiid admission to the Strong Memorial Hospital the course 
w IS progressn (.l\ downw ird with added complaints of painful swollen joints 
\iter about three months at home he was admitted to the hospital 
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PInucal C\ai nitatwn —On nclmisbion, the p^t^ent ■\\ho ^\as tall and much 
enncnted, was unconscious most of the time and comprehended little ot what 
was going on about him There was a cracked pot sound on percussion of the 
skull The neck was stiff and there was a bilateral positne Kermg sign The 
pupils were dilated and unequal the right being larger but both reacted slowh to 
light, there was a third ner\e paisa on the lett with external squint and instag- 
mus on looking to the right The Msual fields were impossible to map out 
Ophthalmoscopic examination showed the \eins to be tortuous and full and the 
disk margins haz\, without eIe\ation of the disks The optic cups were filled 
and the picture was one of a residium of old choking of the disks There was a 
right lower facial paisa , the gag reflex was absent and the pharanx muscles imrao- 



Fig 3 (case 1) — Connectiae tissue frameaaork of papilloma ot the choroid 
plexus , Perdrau s connectia e tissue stain , X 620 


bile The tongue could not be protruded All the deep reflexes were increased 
aaith a bilateral positiae Babinski reflex, the ankle clonus aaried irom time to 
t me The superficial reflexes aaere absent Roentgen examination showed a 
separation of the sutures thinning ot the bone^ and a calcified shadoaa m the 
region of the pineal gland about 2 cm to the lett of the midlmc 

Cbncal Patholog \ — The urine aaas normal The intake ot fluid aaas troni 
1,200 to 1,500 cc a da\, but the output could not be accurateh recorded tlie patient 
being iiicontiiieiU The reaction to the tuberculin test was poMtue with 01 mg 
human I D The spinal fluid was clear colorless and under “moderatch increased 
pressure” The cell count was 13 with 4 poK morphonuclear leukocites and 9 
I\nphoc\tes The spinal fluid showed sugar 77 mg per hundred cubic ccati- 
meters, and globulin definitch increased The U a^^ermann reaction was 
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negative The colloidal gold ciir\c read 0000112211 The clinical course was 
steadily downward, and the patient died six days after admission 

Examination of the brain, which was fixed m a diluted solution of formalde- 
hide, showed the convolutions to be definitely flattened md widened with almost 
complete obliteration of the subarachnoid spaces, particularly on the left side The 
whole left hemisphere was enlarged as compared with the right, and the median 

sulcus was seen to be deflected toward the right On inspecting the base of the 

brain marked fulness was seen m the region of the pituitary and mammillarv 

bodies, extending from the optic nerves back to the interpeduncular region This 

was found to be a tumor which had extended into the third \entricle It was 
covered by arachnoid and a thin film of glial tissue The hypothalamic region 
yas destroyed completely The optic nerves were surrounded entirely The 



Tig 4 — Patient in case 1, two months following an operation 

c irotid arteries were pushed far to each side The pituitary gland was remoied 
for histologic stiidj In gross it appeared normal 

ntgmnmg with frontal sections cut from the occipital pole forward, the first 
Mstige of tumor was seen iboiit 4 cm from the tip of the occipital pole (figs 5, 
6 7 md 8) This section showed a dil ited \cntricle on the right side and on the 
left a bit of tumor ibout 1 cm long and 0 5 cm wade This was the posterior 
portion ol 1 tumor which extended entirclj through the left hemisphere to within 
2 or I cm of the frontal lobe The tumor rapidlj enlarged as it went forward, 
md sent lingcr-hke processes short distances out into the brain substance, though 
e\(.r\whLrt_ these were sh irpU demarcated from the surrounding brain There 
were areas m the tumor of i peculiar brownish translucent, fairlj firm substance 
which looked like hardened colloid In the region of the interior portion of the 
lertbril peduncles the tumor reached the si/e of 7 cm in trmsterse ind 6 5 cm 
in \erticil ihimeter In this s mic section the third \entricle could be seen to be 
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diiitcd, pushed to\\nrd the right side and filled uith tumor tissue In the next 
section forward, the third ^entrlcle was better seen Here again it was entireh 
filled with tumor which extended down into the region of the infundibulum and 
was separated from the arachnoid and the pituitare stalk onh be a een thin 



Tig 5 (case 2) — Papilloma ot the choroid plexus of lett lateral and third 
a entncles , X 1 

shell of glial tissue The left temporal horn was better seen in this section iKo 
Its walls were studded with mans small implants which had the same consictcnc 
as the tumor elsewhere Direct implantation sicdm^ seemed wnliout doubt to 
ha\e taken place There was aKo a portion ot the temporal iiorn wall tint was 
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Tig 6 — Sections of the pipilloma shown in figure 5 
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coxtrcd with tumor which Ind qrown in b\ direct extension This same growth 
In impinimtion was iKo seen m the left anterior horn which was not as com- 
pletch filled with tumor howeier as was the posterior or the temporal horn 
\ csticcs of the choroid plexus itsclt could not be made out except for a short 
distance 111 the anterior lioni As slated before the tumor extended forward to 
within 2 or 3 cm ot the lett frontal pole In the mam it was granular, it seemed 
to hate a central core m places which looked like fibrous connectne tissue There 
w as an apparent papt!lar\ arrangement in the larger portions of the tumor There 
were main small cists lariuig from 1 to 3 or 4 mm in diameter, with a few small 
necrotic rones The ehoroid plexus on the opposite side appeared to be essentialh 
normal The opposite lentricle was much dilated The fourth lentncle appeared 



Fig 9 (case 2) — Tumor of the choroid plexus implanted on wall of right lat- 
eral lentncle, reduced from X 3 

normal The pituitari gland was entireli normal, both grosslj and histologicalh 
Xq eiidences of the pineal gland could be made out 

In the opposite dilated occipital pole, entirelx separate from an\ ^estlges oi the 
choroid plexus, there was a small raised papillan-hke structure which was an 
implantation from the tumor of the opposite xentricle (hgs 9 and 10) 

Htc) oscopxc Evamiiiation — Blocks were taken from se\eral parts ot the tumor 
and showed the structure to be essentially the same eyer\ where There were 
mam papillae \ art mg in size from short thick structures to long slender filament*' 
some of which represent side branches from the papillae The core was ot con- 
iiectue tissue as demonstrated bi \an Gieson’s and Perdraus stains (fig 11) The 
epithelium laried from low cuboidal to high columnar and wa-- sinclc-la\ cred in 
nearly all instances \ feyy areas ol p'-eudostratihcation y\tre seen Mitoses yycre 
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not made out Blepharoplasten could not be demonstrated by either Hortega’s 
silver carbonate or Bailey’s ethyl violet orange G stain Glial fibers could not be 
demonstrated in the core of the tumor Numerous cysts were found m the tumor, 
all of uhich were formed by a colloid degeneration of the connective stroma of the 
papillae 

REVIEW or THE LITERATURE 

Alallory ^ has called attention to a method, based on earhei histologic 
studies of the ependyma, of accurate difterentiation of ependymal fiom 



I ig 10 (case 2) — implanted seed of tumor of choroid plexus — occipital 
horn of the right \cntriclc, phosphotungstic acid hematoxjlin, X IS , B, con- 
iRtlnc tissue stroma m tumor implint, Perdrau s stain, X <S20 

other gliomas by tlie presence of “Basalkoiperchcn” or “Blcpharo- 
1)1 isten m the cells of the former dhese basal bodies do not occur 
in !n\ other tumors of the nertous s}stcm except pmealomas The 
- imt method therefore screes as an adeantageous means of distinguish- 
ing ]) iinllom IS ot the choroid plexus from papillare cpend}mal tumors 

1 Mal!i)r\ P P Three Gliomata of Epciuh m il Origin J M Research 
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^mIIu.lKui .ocnipI.nuIin s ixu - P.icKchou uij SJo^aII ‘ 

'IMS ^^ci exishiii” and \notlKi C'iuall\ \ ’’-laMe 

t^siic liaiiKuork \\ iieliiei tins i^, alninrl mt or scain it ciii i ' 1 
extinguished In suiial.Ic nicnns sucli as the connects e txssic < n , 
ere rail or \ ui Ciitsnn from the gin structure tornung the t'-i ^- 
"oik oi cpcndMununs '] lien too the epithelium oi pkxus tumor^ 
ahounds eoarsc graiuilir oitcn eonglomente mitochondria comparea 
t'lt 1 t le scante minute mitoLhoiidrial iiodics ot epeiidmiomas 



Fig 11 (case 2) —Papilloma of the choroid plexus showing- the architecture 
of the tumor and the connectne tissue stroma, Perdrau s connectne tissue stain, 
X ISO 

It has general!} been considered that plexus tumors are not “seeded 
b} the cerebrospinal fluid, while it is not an infrequent occurrence in 

2 Saxer, F Ependimepithel Ghome und epitheliale Geschwulste des Cen- 
tralnenen s^ stems Zeiglers Beitr z path \nat 32 276 1902 

3 Bielschow sk\ , ilax, and Unger Ernst Zur Kenntnis der primaren Epi- 
thelgeschw ulste der Adergeflechte des Gehirns Arch f klin Chir 81 61, 1902 

4 Sjoiall, Einar Ueber une Ependimciste embr\onaIen charakfers (Para- 
Ph'se?) jm dntten Hirn\entnkel mit todlichen Ausgang Beitr z path -^nat u 
z allg Pathol 47 24S 1909 

5 Dans, L E and Cushing Har\ei Papillomas ot the Choroid Plexus 
"ith a Report of Six Ca^es Urcli Neurol &. Ps\chnt 13 6S1 (Tunc! 192^ 
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ependymal tumois Howevei, thete would seem to be consideiable 
evidence that this mannei of spiead does occui LeBlanc,® m 1868, 
lepoited a tumor of the left lateial ventiicle “the size of child’s fist,” 
with two small well delimited implants m the subpial tissues of the 
right coitex All weie of identical macioscopic appeal ance Fiom the 
sketch theie can be little doubt but that the giowth was a papilloma of 
the choroid plexus (fig 12) Bielschowsky and Ungei also lepoited 
a tumor which aiose m the legion of the light flocculus of the cerebel- 
lum, with about fouiteen implants ovei the suiface of the coitex, all 
were identical with the oiigmal tumoi Fiom the description and illus- 
tiations it would seem leasonably ceitam that they aie deiived fiom 



Fig 12 (c-isc of LcBhnc) — Papilloma of the left lateial ventricle (From 
Bcitr 7 path Aiiat cl Gchirn lumorcn, Iiiaiig Dissert, Bonn, 1868) 

a papilloma of the choioid plexus of the fouith ventiicle Von 
Bouwdijk" has lecoided a probable though not certain case which is 
also an example of this (fig 20) Iheie ^\as a cystic tumoi of the 
ecrclicllum, with seeding of countless tumois in the stibaiachnoid spaces 
1 he tumor structure of the original grow'th was a papillomatous one 
111 idt up of cores of connective tissue covered wath high columnar iion- 
cih itcd epithelium Ihe smaller tumois were all of a similar nature 
Xutojisx (hj not re\cal anj other tumor in the body fiom wdnch 

6 IiPhnc Christi in I’lpillom Ah xom itodcs, Bcitr 7 pith Amt d 
nihirn I nninrcii Imiig Dissert Bonn, 186S 

7 ^ on I’onwdijk Bnsti nnsc Prim ires nietnst isicrendcr Gthirnc ircinom, 
/t'dir 1 d \cnroI n Pvccliiit 27 96,1914 
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metastabes could ha\e occurred It is hardh concenable that the ono-- 

O 

inal tumor \\ as a hidden carcinoma metastasizing to subarachnoid spaces 
alone Neither does the tumor appear to be an instance ot “sarcoinatosis 
ot the leptomeninges ’ recently review ed b\ Bade} ® The case ot 
Bencke " ma} possibh be another example Toppich has described a 
papillomatous tumor ot the choroid plexus of the fourth -ventricle with 
numerous seedmgs in the subarachnoid space o\er the cerebrum and 
cerebellum and also about the spinal cord He considered that the 
original tumor was carcinomatous because of iirvasion of the cerebellum 
Such a phenomenon as this however is not conclusive evidence of true 



Fig 13 (case of Ribberts) —Papilloma of the fourth \entricle (From Gesch- 
v\ erstlehre 1904 ) 

malignancv, and has been observed bv' Cushing and others Pushing of 
papillae of the tumor between the leaflets of the cerebellar cortex is to 
be more trul} looked on as the direct result ot pressure Gromelski ” 

8 Bailei, Percival Intracranial Sarcomatous Tumors of Lcptomcningeal 
Origin ^rch Surg 18 1359 ( -Kprill 1929 

9 Beneke, R Casuistische Beitrage zur Gc'^chu ulstlehrc I’irchous Arch 
f path Anat 119 60 1850 

10 Toppich G Die Zottenkreb-e de-s Adergeflechte dcr Rautengrube Frank- 
furt Ztschr f Path 33 238 1925 

11 Gromelski Alfred Bcitng zn dcr Ltbrc ion den primarcn cpitbcliakn 
Gescliw ulsten des Zciitral ncrveii Srstcni'' A irchow- Arch t path Amt 2G1 
933 1926 
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reported a curious papillary epithelial tumor with a connective tissue 
core found in the lumbar region of the spinal canal His desciiption 
of the brain was not adequate to show whether this had its origin from 
a tumor of the choroid plexus by seeding or whethei it arose from an 
embryologic rest as the authoi assumed 

In case 2 here repoited, the left temporal horn is studded with 
hundreds of minute tumois which are identical macroscopically and 



1 ig 14 (cTse of Eielschow sk\ and Unger) — Papilloma of the fourth ventricle 
(Irom \rch f khn Chir 81 61, 1905) 


micrni.copicalh with the original tumor and which are quite apart from 
It Ihc implant in the dilated right lateral ventricle is well away from 
the original growth and represents a true tumor implantation, both 
imcro^eopK ilh and inicroscopicall}’’ ffig 9) The smaller nodules arc 
epitlicliil onh m character, while the larger lateral aentricle transplant 
hi'' i ''C int\ coiinectne tissue core (fig 10/i) Seeding of tumors 
ulioining the eerehm-pinal fluid spaces cannot he looked on as e\idencc 
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ot malignanc} ot the tumor but is piobabh an accidental occurrence in 
u Inch trauma mat t\ ell plat a considerable part 

Tumors ot the choroid plexus ot the lateral tentricle are particular!} 
apt to hat e an ent eloping membrane about them This membrane mat 
be closelt applied to the surtace ot the tumor as in case 1 or separated 
from it bt fluid tthich has been poured out bt tbe tumor cells Occa- 
sionallt tins process goes on to such an extent that it leates the tumor 



Fjg 15 — Section of papilloma shown in figure 14 


like a nodule m a ctst ttall A fett such blood tessel tumors undoubt- 
ed!} tend to be self-destructit e in tins manner 

Another distinguishing feature ot plexus tumors is their benign 
nature and lack of imasne tendencies Papillae occasionalh push their 
nay for a short distance into brain substance in which sottening iroin 
contiguous pressure has occurred or between leaflets of the cerebellar 
cortex 

There are in the literature a few reports of papillare tumors ot die 
choioid plexus which because of their nnasne tendencies merit the 
term carcinoma The most notable examjiles are the cases oi Rokitan- 
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<!^'-cri()u! ui(i illijstnurl tWo/j ‘^^lequateh 

‘Wilniul and ,v „,or, ],l , K . i ,? ^ 

P-'Hdnuo uln.nn„.M;:n^p:r^^ 

tumors ol iljt PUrtture on lu 

tlnt the -rtit nnjonn ot 

t'K mam (hc\ tend tn ^ " ti,e papillomas In 

I’lood snpp]% \\ ul/drcx ’^'7 outstripped 

'ttxc heen lor, .r oxcqii.on oi one trpe the cists seem to 

'cstmcs ot cnitl \ ^ expense ot the connectne tissue and 

^jo^nl! reported i case m Mhieli the cist Mas connected M,tl, 



/p ^ Boudet and Clunet) —Papilloma of the nght lateral eentnde 

m Arch de med exper et d’anat path 22 379 , 1910 ) 


^ie choroid plexus ot the third lentricle and lined iMth epithelium ot 

n em rjonic ependymal ciliated nature T3pical blepharoplasten ^^ere 
iound in the cells 

! 1 as noted in case 2, represents deposits of lime salt m 

emorrhagic areas and not about blood vessels as described bi tan 
essel in g liomas of the brain ]\Iy case 2, the case of Robin and 

13 ^u^Uanskj, Carl Lehrbuch d path 'knat 3 1836 ^ol 2, p 425 
30 305 1883 ^^'uiarer IMuItipier Epitbelkrebs des Gehims, Aertrl rnfeliigenzb! 

^’^degard GescliMulste der Adergeflechte, Zenfralbl t allg 
tiiol u path gp 1919 

Kolpin iMultiple PapiIIome (Adeno-Caremome) de^ Gehim= Arch t 
Ps'chiat 45 595, 1909 

Lehoezki , T Zur Frage der Pnmaren Gehirn carcinome Arch i 
■^s^ch,at 82 527, 1928 

1 Esser, A Em Carcinom des Plexus chonoideus des IV ^*en^^kel^ Zt'chr 
Ses Neurol u Psichiat 106 511, 1906 
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Blondel and that of Luttgen seem to be the only instances in which 
calcification has been leported in this type of tumoi 

The most common location foi these tumors is in the fourth ventricle, 
the second in the lateral ventiicles and the least common in the thud 
ventricle Of the foity-seven cases heie assembled twenty-three weie 
in the fourth ventricle, seventeen in the lateial ventricles and six in the 
thud ventiicles It is a curious coincidence that of all the leported 
papillomas of the lateral venti icles 93 pei cent ai e of the left side 

Cushing’s series of verified tumors furnishes about the only available 
mfoiination as to incidence He lepoits six true cases among 964 
verified tumors, or 0 6 per cent 



Fig 18 (c^se of Vonw liter) — Papilloma of the fourth ventricle (From 
Virchous Arch f path Aiiat 204 230, 1911 ) 

Simple sMnmetrical or regional hypei trophy of the choroid plexus 
does occur A notable example is that lepoitcd by Cushing Hydroceph- 
alus was assumed to ha\c arisen from an increased production of fluid 
J he question as to wheie simjile liypertiophy ends and papillomatous 
tumor formation begins is an academic one The case reported b} ^on 

18 Rohm ami Blomlcl Description d’line tiimeiir epithcloicl pro\cnant dii 
(ileMK choroule doiit tile garde a la structure fondainentale Ga/ mtd de Paris 
32 7 ind ==06 

V> I uttem I’aul L thcr tin F ill \on Papillom des Plexus chorioidcus 
Ii 111 -, III ■-trt \\ ur/lnirg 1850 
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Plath -® IS that ot a local hjpertropln of the choroid plexus, ^\lth 
h} drocephalus presumabh from excessne formation of fluid 

The age incidence for these tumors is a graduall} diminishing one 
In thirt3-five cases in uhich the age is gl^en, there -were nine cases in 
the first decade, sei en in the second five in the third, four in the tourth 
five in the fifth and three in the sixth 


SURGICAL EXPERIENCES 

The first surgical attempt made tovard remoial of one of these 
tumors IS reported m the case of Bielschov sk} and Unger The cases 



Fig 19 (case ot Natonek) — Papilloma of the fourth tentncle (From Yir- 
cho\ts Arch f path Amt 218 170, 1914-) 


111 vhicli operatne procedures hate been undertaken are listed as tol- 
low s 


Ob'crvcr 

No of C i«o= 

Outcome 

andLnptr 

One 

r italitv 

BomMlijk 

One 

r italitA 


Ont 

Rccovcrr 

Sadi*: 

One 

Recoven 

Cushini, 

iMO 

F lt3llt> 

One 

Piticnt liTcd lor S inonili 


Ii o 

FatJcnt® Ininp umi mlII 1 jcar lati"' 


Oni- 

F'»ticnt Tin*? liainp a id 11 35 month'* 

\ 111 

Oik 

latunt avi l>\int ml mil 5 montli lat • 


20 \ on PHth Ha ptrpH'ic cler plc\us choroukub Htcralcb bci h\ drocephalus 
iiUcnui'- congenitus Tahrb i Kindcrh 21 41/ 1SS4 
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I ig 20 (case of Bouwicijk) — A, cjstic tumor of tlie cerebellum, B, sites of 
sulnrnclmoKhl tumor tr msphnts (From Ztsclir f d ges Neurol u Psjcluil 
27 %, 1014 ) 






r-^.V U 4GENE.\'—P4PILLOMAS OF CHOROID PLEXCS 221 


C\SES REPORTED IN THE LITERATURE 

C\SE 1 (Guerard^) — In a patient, aged 3, autops\ re\ealed a tumor of the 
posterior end of the right lateral rentncle the size of a hen’s egg nhich was 
lobulated and enclosed in a thin membrane The tumor was in contact with the 
choroid plexus, w as granular on section, \ err r ascular, and made up of small blood 
r essels and epithelial elements 

Case 2 (Robin and BlondeP') — In a patient, aged 11, a tumor, 6 b\ 4 br 
3 cm was found hing free in the fourth rentricle The tumor was made up of 
papillarr -like growths closelj resembling the normal structure of the choroid 
plexus and replacing the normal plexus structure One or more larers of 
epithelium were found corering the papillae Calcareous particles rrere found 
occasionallr 



Fig 21 (case of Bourridjk) — Alicroscopic section of tumor making up part 
of rrall of erst (From Ztschr f d ges Xeurol u Psrchiat 27 96, 1914 ) 

CrsE 3 (Ler rat-Perroton "") • — In a patient aged 25 a tourth rentncle tumor 
tilt size of a nut rras attached to the choroid plexus from rrhich it arose The 
tumor compressed the cerebellum but rras separated irom it penetrated the 
aqueduct ot Srlrius and separated the cerebral peduncles It rras gelantinous 
traiispartnt, of colloid coiisistencr and corcred hr epithelial cells The center oi 
tilt tumor rras made up of amorphous inattrial rrith connectire tissue strands 
bearing blood rtssels subdiriding it here and there 

C\sr 4 (LcRlanc* case 11 — In a patient aged 60 an original tumor the size 
01 a child s hst rras found on the floor oi the lelt lateral reiitrick Trro small 
tumors the size of i pear-seed rrere aKo tound partlr buried in the tissues ol the 
surface of the right cortex but in connection rrilli the subarachnoid sp^ce I lies,. 

21 Guerarel Tuiuelir longuese elans le rcntricule droit dti eerreau cliez line 
petite fille de trois ans Bull Soc anat ele Paris S 211 l'ss2-l‘'s' 

22 1 er rat Perroton Fraiienis These ele P iris 
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nodules lay at the entrance of the small vessels of the pia into the cortex of the 
brain Macroscopically and microscopically all these tumors were alike The 
large tumor was made of a centi al core of blood vessels which branched out into 
delicate papillae The papillae were covered with cylindric epithelium There 
were no cilia (fig 12) 

Cas? 5 (Kelly*’) — In a patient, aged 11, autopsy disclosed a tumor of the 
fourth ventricle, 1 by V/i inches (2 5 by 3 8 cm) in si/e, which distended the 
ventricle and appeared at the base at the left of the medulla The tumor had a 
granular surface, was irregular in shajie, yellowish red, and was made up of a 
vast number of delicate villous tufts, each equipped with a thin-wallcd vessel and 



Fig 22 (case 2 of Korncr) — Papillom i of the right lateral ventricle (From 
Ccntralbl f dig P ithol ii pilli Anat 30 121, 1919) 

eoeered ivith column ir tiiilhtlmin ‘It seemed to have grown from the ehoroid 
plexus” (This CISC his come down m the literatuic is that of Dr Garrod under 
wliose liospit il care the piticnt w is ) 

Casi 0 (Cliouppc'’) — In i patient, igcd 42, a tumor of the fourtli ventricle 
irisuig irom the choroid plexus and comiircssing the cerebellum w is uncovered at 
autop'.i 1 he tumor consisted of a light eonnectue tissue frauiew'ork bearing large 
eipill tries and cosered witli epithelium 

21 kelle Cli irles Pipiiionii of liie Fourtli Ventricle, Tr P ilii Soc London 
24 1. D73 

24 Cliouppc Ltude snr ies Uuneurs du quatriemc aciitriclc, V’erron, These dc 
Pari' 1''/ 5 
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Casc 7 (Demange — A tumor the size of a nut ^^as lound in the left 
lateral ventricle of a patient aged S It was pedunculated and attached to the 
choroid plexus and formed b} a heaping up of the choroid plexus There was 
an accompan 3 mg chronic hi drocephalus 

Casl 8 (ion Plath™) — The patient, aged 3, was considered to haie died of 
congenital hi drocephalus The ependima of the lentncles was smooth and 



Tig 23 (case of Priesel) — Papilloma ol the fourth lentncle (Prom Vir- 
chows \rch f path Anat 253 125 1924) 

glistening The choroid plexus oi both leiitriclcs was icri thin from the loramcn 
of Monro to the beginning ol the posterior horn where it thickened out on 
both sides to the size of a walnut and then tapered off again Tlie autlior con- 

25 Demange E Paraplegia incomplete -.carlatine albumiinirie simptoms 
d uremic i laiitopsie, hi drocephale lentriculaire Bull Soc anat de Pans 49 503 
1924 
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sidered that overproduction of cerebrospinal fluid by the tumorous plexuses might 
have been the cause of the hydrocephalus 

Casf 9 (Audry, “ case 1) — Autopsy on a patient, aged 45, disclosed a tumor 
of the left ventricle the size of a small nut The tumor was spongy, friable, 
attached to the choroid plexus, covered with a fibrous capsule and made up of 
connective tissue and blood vessels The cells resting on the blood vessels were 
granular, with round or oval nuclei 

Case 10 (Douty') — In a patient aged 17, autopsy revealed a large tumor, 
the size of a bantam’s egg, free in the fourth ventricle It was attached to the 
roof of the ventricle by two delicate strands of membranous connective tissue 
conveying blood vessels The tumor was mulberry-like, friable, gelatinous, non- 
invading, villous and “agrees m structure with the fringes of the choroid plexuses 
of the ventricles ” 



Fig 24 (case of Noodt) — Papilloma of the third ventricle (From Virchows 
^rch f path Anat 258 331, 1925 ) 

Case 11 (Beneke," case 2) — In a patient aged 26, a tumor of the third ventricle 
was found at the entrance of the infundibulum It was grayish red, soft, mul- 
berrj-hke and rather loose from the ependyma which was everywhere lightly 
granular The pineal gland was normal 

In the ca\ it} of the fourth ventricle lay a tumor, 4 by 2 by 2 5 cm , which 
compressed the pons and medulla and was connected with the brain stem onlv 
b\ loose tissue filaments The cerebellum W'as more firmly connected with the 
tumor m the region of the anterior aermis “Microscopically the tumor is a typical 
papilloma whose short, knitted, filamentous forms have a relationship with the 
embrronal growth formations of ependjmal filaments, for example the choroid 
plexus ’’ 

26 \udrs J Les tumeurs dcs plexus choroides. Rev de med 11 897, 1886 

27 Doutv J Harrison Notes and Remarks upon a Case of Villous Tumor 
III the Fourth Ventricle, Brain 8 409 1885-1886 
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Case 12 (Stroeber^s case b ) — ‘\utops% on a patient, aged 1 \ear and 6 
months, re\ealed a tumor of the left \entncle the size of a walnut Tumor also 
filled the temporal horn but did not imade brain substance !Microscopicalh the 
appearance was that of the choroid plexus 

Case 13 (Hess^) — In a patient aged 31, a tumor composed of two parts was 
found m the fourth a entricle at autopsA , the smaller part measured 1 b} 1 5 
cm , and the larger 1 5 bA 2 5 cm The tumor a\ as caulifloAA er-like and reddish 
graj , It compressed the pons medulla and cerebellum but did not inA ade it !Micro- 
scopicalh It proAed to be a papillarA groAAth made up of blood Aessel cores 
coAered A\ith epithelial cells 

Case 14 (Luttgen“) — A tumor of the third Aentricle, the size of a pigeon’s 
egg, AAas found at autopsA The tumor A\as connected AAith the choroid plexus 



Fig 25 (case of Noodt) — Papilloma of the left lateral Aentricle (From 
VirchoAAS -krch f path Anat 258 331, 1925 ) 


and A\as made up of papillae of AarAing sizes and breadths The papillae A\erc 
coAcred AAith c\lindrical epithelium There A\ere calcareous concretions in the 
tumor 

C\SF 15 (AinraA ”) — \ tumor of the fourtli Aentricle was found Aihicli was 
about 4 bA 5 cm in size and ot the form ot a large chestnut MicroscopicalK 
it A\as made up of Avell filled capillaries aaiIIi immature endothelium and a loose 
structure ot round and e\en cells set together aaIucIi appeared like a growth oi 
plexus epithelium 

2S Stroober H Papillom des Plexus chonoideus im linken SeitenAcntrikel 
Perl khn W chnschr 30 123 1S°3 

20 Hess Freulrich Beitrage zur Gesclne ulstlehre Inaug Dissert Bonn 
1S06 

30 \u\ra\ Tumor di' plexus chonoulciis dcs Fourth Ventricles Ce itralbl 
I allg Pathol u path \nat 9 27' I'-Og 
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Case 16 (Bruchanow — In the left “cella media” there was found a tumor, 
5 cm m diameter, which was connected with the choroid plexus It showed an 
exquisite papillary structure The whole tumor resembled a normal choroid 
plexus The epithelium was low cyhndric 

Case 17 (Henneberg° ) — A walnut-sized, hard, uneven tumor was found at 
autopsy m connection with the choroid plexus of the third ventricle The distal 
end of the tumor reached through the iter into the fourth ventricle The 
tumor showed a papillary structure The epithelium about the connective tissue 
structures bearing the blood vessel was high cuboidal 

Case 18 (Ribberts — A tumor of the fourth ventricle was found Figure 

13 shows it to be typical of a choroidal plexus papilloma 

Case 19 (Bielschowsky and Unger “) — Autopsy on a patient, aged 43, showed 
a tumor arising in the region of the right flocculus of the cerebellum with about 
fourteen identical smaller tumors scattered over the surface of both hemispheres 
The symptoms produced by one of these tumors over the left cortex led to a 
craniotomy at which time a portion of the tumor was removed Reoperation at 
the same site three months later proved fatal 

All of the tumors were sharply separated from the surrounding brain and all 
were in direct connection with the subarachnoid space, with one possible exception 
This one subcortical tumor lay along a blood vessel dipping down into the brain, 
and the tumor arose on the blood vessel as if on a pedicle There were also two 
small tumors found at the base m the region of the sixth nerves 

Microscopically the tumor proved to be composed of epithelium which rested 
on blood vessels and was arranged radially about the lumen of the vessel (fig 14) 

Comment This would seem to be a probable example of a papilloma of the 
plexus of the fourth ventricle which spread by “seeding” m the cerebrospinal fluid 
system 

Case 20 (Vigouroux ^') — At autopsy the fourth ventricle was found filled 
with a tumor the size of a nut, arising from the choroid plexus All the ventricles 
were dilated 

Case 21 (Rhemdorf ■'“) — Tumor of the fourth ventricle, 4 by 2 5 cm, with a 
true papillary structure and connected with the choroid plexus (fig 16) was found 
111 a patient aged 21 

Case 22 (Slaymaker and Elias’") — A tumor of the fourth ventricle, 4 2 b\ 

4 b> 5 2 cm, uas found at autopsy in a patient aged 11 It filled the entire ven- 
tricle and projected downward between the cerebellum and the medulla The 
tumor was directlj continuous wath the choroid plexus which appeared to be 

31 Briichanow', N Ueber einen Fall von Papillom dcs Plexus chorioideus 
\entricuh 1 iteralis sinister bei cinem 214 jahngen Knaben, Prag med Wchnschr 
23 585, 1898 

32 Ilcnneberg Ueber cinen Fall \on Papillarer Geschwulst des Plexus chori- 
oidcus m dritten aenlnclc, Berl klin Wchuschr 12 277 1903 

33 Ribberts, Hugo Geschwerlstlchrc, Bonn, rncdrich Cohen, 1904, p 359 

34 \ igouroux, A Ucoulement dc liquidc cephalo-rachidien hjdroccphalie 
papillome dcs plexus choroides du quartricme aentricle. Rev neurol 26 281, 1908 

35 Rlieindorf Papillares Epitheliom dcs fierte Vcntriculcs, Chante-Ann 
32 294 1908 

36 Sla\ maker S R and Elias P Papilloma of Choroid Plexus with 
H%droccplnliis \rch Int Med 3 289 (Ara\) 1909, Chicago Path Soc 7 187, 
Vm-Y/T) 
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larger than normal iNIicroscopicallj there were “slender stalk-shaped mUous 
branching and greath tangled frameworks of connectne tissue co\ered wath 
columnar epithelium arranged for the most part in a single la\ er ” 

Case 23 (Boudet and Clunet,^" case 1) — A.t autopsj on a patient, aged 45, there 
was found a tumor, 3 or 4 cm m size, situated in brain substance but continuous 
w ith the choroid plexus on the right side The lateral \ entricle w as obliterated and 
the tumor curved downward into the temporal horn of the -ventricle The tumor 
consisted of two parts an internal cvstic and cavernous portion and a covering 
papillomatous portion The papillae of the latter were formed bv vascular con- 
nective tissue covered with cuboidal epithelium which reproduced the structure 
of the normal plexus The tumor had invaded the nerve tissue in places, and 
deep in the brain were strands of epithelial cells which probablv represented a 
pushing out of papillae mto softened brain substance (fig 17) 

Case 24 (Vonvv iller tumor, 3 5 bv 3 cm , Iv ing free m the fourth 

ventricle and not invading anj of the surrounding structures was found at 
autopsj on a patient aged 15j4 vears The tumor arose bv a pedicle from the 
region of the obex It was a papillarv growth made up of a stroma of blood 
vessels and connective tissue which was covered bv epithelium The whole struc- 
ture was considered to resemble closelj normal choroid plexus No cilia were 
found on the epithelium (fig 18) 

Case 25 (Natonek”) — A. walnut-sized tumor filling the fourth ventricle and 
lateral recesses vv as found at the medial side of the flocculus Microscopic exam- 
ination showed a tumor with manv long and some short filamentous processes 
The epithelium cov ering the filaments vv as in single row s for the most part Most 
but not all of the papillae had a central blood vessel (fig 19) 

Case 26 (von Bouwdijk') — In a patient aged 57, svmptoms referable to a 
tumor of the cerebellum had led to an operation being performed in that region 
A solid papillomatous tumor was removed Death occurred a lew hours later 
At autopsv another tumor of the posterior fossa was found which was circum- 
scribed, nut-sized and gelatinous, with an uneven surface The tumor rested on 
the surface of the cerebellum, stood out from it somewhat and was but little 
connected with its surrounding tissues Grosslv, no other nodules were noted in 
the cerebellum After fixation in a diluted solution of formaldehv de, a number 
of tmv nodules were seen in the subarachnoid spaces over both hemispheres All 
rested superficiallv and in connection with the subarachnoid space Almost all 
were single, gelatinous, rather hard and whitish grav There were none in the 
grav matter or the basal ganglions In a careful autopsv no source for a primarv 
tumor was found elsewhere The larger tumor in the cerebellum was a cvstic one 
which raised itself above the surface of the brain M hen the cvst was opened 
a papillarv tumor was tound to make up a part of its inner wall 

Microscopic examination showed the cvst wall of the primarv tumor to be 
made up of a covering of connective tissue which was poor in cells The solid 

37 Boudet C and Clunet S Contribution a 1 etude des tumerus epitheliales 
primitives de 1 cncephalc developpees aux depues des lormations ependv inaires ci 
particuherenicnt des plexus choroidc' Arch de med cxper ct d anat path 
22 379 1910 

38 Yonwillcr Paul Leber das Epithel und die GescliwuPte der Hirnkam- 
mern \irchows \rcli i path \nat 204 230, 1911 

39 \atonck Decider 7nr Kenntiii-. der pnma-cn epithehalen Tuiiio-ca des 
Gelnnis \ ircliow s \rcli i path Anat 2IS 170 l'^I4 



228 


ARCHIVES OF SURGERY 


nodule in the cyst wall was composed of papillae iMth a connective tissue stroma 
rich m blood vessels The papillae were covered by a la\er of high cyhndric 
epithelium Nowhere were cilia to be seen No gha fibers were found 

The metastases were m part cystic Microscopically they proved to have the 
same papillary structure as the tumor described (fig 20 B) 

Case 27 ( Weygandt — Autopsy on a patient, aged 10 months, revealed a 
tumor of the left ventricle, 7 3 by 8 cm in size, which showed a papillary structure 
and which was definitely connected with the choroid plexus Microscopically the 
cells had an outspoken epithelial character with giant cells here and there con- 
taining 2 or 3 nuclei The blood vessels were abundant and thin-walled, with hem- 
orrhages into the tumor 

Case 28 (Goodhard“) — In a patient, aged 6 months, a tumor of the right 
lateral ventricle, 4 by 3 5 by 3 S cm , attached to the choroid plexus was found 
at autopsj' It was firm and reddish purple, and nowhere did it invade the brain 
It was composed of a number of papillomatous processes containing a central 
capillary and covered with a single layer of short columnar epithelium There 
was a hydrocephalus of all ventricles considered by tbe author to be due to an 
excessive formation of fluid 

Case 29 (Korner “) — Autopsy on a patient aged 9 revealed a tumor, 8 5 by 
5 cm in size, m the right lateral ventricle Microscopically it was a typical 
papilloma of the choroid plexus (fig 22) 

Case 30 (Perthes^ ) — In a patient aged 47, a large left-sided tumor arising 
from the choroid plexus and extending to the surface of the brain in the occipital 
region was surgically extirpated The tumor showed a papillary structure and 
was partly cjstic The papillae w’ere made up of blood sessels covered with large 
epithelial cells 

Case 31 (Lorenzini ■'’) — In a patient aged 10 sears, a tumor the size of a 
hen’s egg W'as found in the third ventricle extending from the anterior pillars of 
the trigone to the posterior wdiite commissure It s\ as connected at its base with 
the choroid plexus The tumor was partly cystic and filled wuth jellowish fluid 
as W'ere also the lateral ventricles The external surface of the tumor svas irregu- 
lar and nodular The solid portion of the tumor had a papillary structure made 
up of epithelial cells m one or more lajers There ssere numerous small cysts m 
the solid portion of the tumor It was everywdiere sharply demarcated from 
ner\e tissue 

Case 32 (Sachs'*^) — In a patient aged 55, a w'ell incapsulated tumor which 
Idled the fourth \entricle and extended into the aqueduct of Sjlvius was surgically 
extirpated A microscopic stud\ did not accompany the report, but Cushing reports 
that a later examination pro\ed the tumor to be a true papilloma of the choroid 
plexus 

40 M'e\gaiidt H\ dro/ephalus mit Tumor (Papillom des Plexus chorioideiis), 
Deutsche mod Wchnschr 43 797, 1917 

41 Goodlnrd, G W Adenoma of the Choroid Plexus, Gin’s Hosp Rep 
69 217, 1918 

42 Perthes Glucklichc 1 ntfernung ciiies Tumors des Plexus choriodeus aus 
dem Seitenv entrikel des Cerebrum Munchen mod Wchnschr 66 677, 1919 

43 Lortnzim \ldo Papilloma cistico del tcr/o \cntricolo, Rn di clin 
lediat 20 705, 1922 

44 S leli' 1 rnest Papilloma ot the Pourth Ventricle Report of a Case, 
\reb Neurol N P-\clint 8 379 fOct ) 1922 
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Case 33 (PneseC^) — A chance obsenation at autops\ on a patient, aged 74, 
w as a tumor of the fourth a entricle, 1 5 bA 1 2 bA 1 cm m size that aa as 
definiteh connected aaiUi the choroid plexus Vessels could be seen entering the 
tumor from the plexus It arose from the region of the calamus scriptonus 
rilicroscopic examination shoAAed it to be composed of mam broad papillae AAith 
a fine frameAAork of blood Aessels bearing connectne tissue Cuboidal and colum- 
nar epithelium coAered the papillae ManA of the epithelial cells contained pig- 
ment (fig 23) 

Case 34 (Okabe^“) — A.t autopsj on a patient aged 5 months, a tumor of the 
third A entricle AAas found arising from the choroid plexus The tumor extended 
into the lateral Aentricles A microscopic report is not giAcn 

Case 35 (Noodt^ case 1) — AutopsA on a patient, aged 33, reAealed a tumor 
5 bi 3 cm occupAing the third and lateral Aentricles and the aqueduct of SaIauus 
It bordered anteriorh on the septum pellucidum and the fornix, aboAe on the 
corpus callosum and behind on the splenium, the recessus pmealis and the stria 
medullaris, the posterior commissure, and underneath on the thalamus A small 
part of the tumor lies in the SAhian aqueduct The groAAth AAas CAstic m its 
posterior portion ^Microscopicalh the stroma AAas made up of connectiAe tissue 
AAhich A\as rich in blood Aessels but poor in cellular elements The papillae of 
the tumor AAere coAered in part AAith a single-laA ered, high, nonciliated, CAlindric 
epithelium m part AAith a cuboidal epithelium of more than one laAer The 
picture AAas that of “a papillarA epithelioma ot the choroid plexus ’ It AAas not, 
the author said, of pineal gland origin (fig 24) 

Case 36 (Xoodt^ case 2) — 'Vn irregular lobulated tumor ot the left lateral 
A entricle 6 bA 4 bA 4 cm , aa as found at autopsA on a patient aged 1 The tumor 
AAas made up of Aerj small papillae rich in blood Aessels and containing little 
connectne tissue stroma The papillae AAere coAered AAith a high, single-laj ered 
cjlindric epithelium (fig 25) 

Case 37 (DaAis and Cushing case 1) — In a patient aged 22, a tumor ot the 
fourth A entricle, approximateh 5 5 cm in diameter, aais remoAed through an 
incision in the left cerebellar hemisphere Microscopicalh the tumor “shoAAed a 
papillomatous structure comprised ot numerous cauhfioAAer-hke Ailli, aaIiicIi had 
a central core of loose fibrous connectne tissue The epithelial cells coAcring the 
Ailli AAere cuboidal in shape and AAere arranged m one laAer The cells 

did not contain blepharoplasten’ and glia fibers aa ere not present " 

Casi- 38 (DaAis and Cushing case 2) — -KutopsA on a patient, aged 9 
rcAealed a tumor of the left lateral a entricle surrounded bA a number of smooth 
lined CAsts The aiUi AAere arranged in a someiAhat compact lashion and onh in 
places shoAAcd tApical papillomatous characteristics TheA consisted ot a acca 
small central core of loose AAliite connectne tissue, in aaIiicIi AAcre situated blood 
Aessels Each aiIIus AAas clothed bA a single laAcr of cuboidal cells 

Casi 39 (DaAis and Cushing case 3) — \t operation on a patient aged 50 
a fragment of tumor AAas rcmoAcd tor microscopic studA It proAcd to be a part 
of a papillomatous groAAtli The aiIIi AAcre long and narroAv and exhibited mane 
side branches Rlcpliaroplasteii and elia fibers AAcre ab'cnt The tumor AAas in 
the left heiiiisplicre 

45 Priesel \ Em Reitrag zur Kiniitiiis dcr Tuniorcn der Plexus Cliorio dci 
\ irclioAA s \rch i path \iiat 253 12a 1924 

46 Okalx ^ oitsu \ Case ot Papilloma oi the Plexus Chorioukii' i i i 
Child Gann IS 2^ 1<'24 

47 \oodt Klara Pin Peitng -iir Keiiiitiiis der Pap Ilareii epitlielioine des 
Plexus eliorioiileus Nirilious \rtli t path \n it 2aS ''I PC' 
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Case 40 (Davis and Cushing, ° case 4) — At operation on a patient, aged 30, 
a fragment of tumor ^\as removed from an incision in the right cerebellar 
hemisphere On microscopic examination it showed “numerous villi which were 
somewhat larger than normal and much more numerous They had a charac- 
teristic cauliflower appearance The central core of each villus consisted of loose 
white fibrous connective tissue containing numerous blood vessels The epithelial 
cells covering these villi were cuboidal in shape and arranged in a single layer ” 

Case 41 (Davis and Cushing,® case 5) — A portion of a very vascular tumor 
was removed from an incision through the vermis of the cerebellum in a patient 
aged 27 “It had the characteristic papillomatous structure which identified it as 
having originated from the choroid plexus The villi were numerous, long, wide 
and possessed many side branches The central core consisted of a dense, white, 
fibrous connective tissue with blood vessels The epithelial cells were cuboidal 
in shape, and the cjdoplasm u as finelv granular ” 

Case 42 (Davis and Cushing,® case 6) — In a patient aged 28, a tumor, approxi- 
matelj 4 5 cm in diameter, was surgically removed through an incision in the 
vermis of the cerebellum “Alicroscopically sections re^ealed the typical papil- 
lomatous appearance, with villi much larger than those encountered in a normal 
choroid plexus The central core contained very little white fibrous tissue, being 
made up for the most part of loose reticular tissue There were numerous blood 
vessels with very thin walls The epithelial cells were tall and columnar with 
oval or cylindrical centrally placed nuclei ” 

Case 43 (Toppich ■'’) — Autopsy on a patient, aged 2, revealed a tumor com- 
pletely filling the fourth ventricle There were also numerous secondary nodules 
in the subarachnoid spaces of the basilar s 3 'stems, about the cerebellum and in 
the loner part of the spinal canal The tumor arising from the choroid plexus 
was composed of a papillae made up of epithelial cells, mostly high columnar, 
resting on a connective tissue framework Blood vessels nere abundant m the 
connective tissue spaces The original tumor had pushed its nay into the cere- 
bellum near the fastigium 

Case 44 (Zalka'*®) — A tumor of the fourth ^entrIcle compressing pons and 
medulla and cerebellum nas found at autopsj' It was made up of blood vessels 
and connectn e tissue arranged in papillary form covered with cylindnc epithelium 
The structure nas considered to be Upical of choroidal plexus 

Casf 45 (Grandclement “) — Autopsv disclosed a cauliflower-like tumor, the 
S17C of a nut, in the left cerebellopontile angle INIicroscopically the tumor was 
made up of delicate, sharplj outlined gronths of connective tissue containing 
blood 1 essels co\ ered n ith epithelium in regular simple ron s “It resembles 
neophsms of the choroid plexus ” 


SLiMMARY 

1 Tno cases of papilloma of the choioid plexus ate reported In 
one the tumor nas surgicall} lemoaed from the left lateral ventncle with 
relief from s3mptoms The second case lepiesents the observation at 

48 Zalka, Edmund Histologische Veranderiinger des Plexus chorioideus bei 
etr'^chicdencn Knnkheitsforneii Virchons \rch f path Amt 267 398 and 412, 
102 ^ 

40 Gnndclemciit \ Turneiirs dcs plexus choroidcs du quatrieme \entriclc, 
I\on iiud 140 13d 1927 
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neciopSA of a huge papilloma of the choroid plexus with true “seeding ’ 
of the tumor ria the cerebrospinal fluid 

2 The reports of about fort} -five cases hare been collected from 
the literature ^^hlch, so far as one can determine from the descriptions 
given, seem to hare arisen from the choroid plexus A few of these 
presented the phenomenon of “seeding ” 

3 The favorite site for these tumors is the fourth ventricle , 50 per 
cent were so situated , 34 7 per cent were m the lateral ventricles, and 
17 3 per cent m the third ventricle Br some curious coincidence 93 
per cent of tumors of the lateral ventricle have been on the left side 

4 The age incidence was greatest in the first decade and graduall} 
diminished up to the sixth decade 

5 The surgical removal of this t 3 'pe of tumor is feasible, especiall}' 
with the aid of electrosurgical deuces Prelimmarr roentgen treatment 
m my cases appeared to have reduced the vascularity greatly 

6 A considerable part of the nonobstructive hydrocephalus found 
with tumors of the choroid plexus mar well be associated with the 
increased epithelial surface 



SPONTANEOUS RUPTURE OF THE NORMAL 

SPLEEN 1 

WILLIAM H BYFORD, MD 

BLUE ISLAND, ILL 

Spontaneous ruptuie of the normal spleen or of the apparently nor- 
mal spleen is a raie condition A seaich of the liteiature leveals only 
eight cases Of these, six may be consideied authoritative and two 
doubtful 

CASES FROM THE LITERATURE 

Shoiten ^ repoited one case m 1919 

Case 1 — A man, aged 43, entered the hospital with the complaint of vomiting 
and severe abdominal pain about the umbilicus The onset was sudden, six hours 
previously A jear and a half before this time, he had been buried m the trenches 
after which he had developed severe abdominal pain and had been sent to the 
hospital for three months Ihe pain had not returned after his discharge Other 
than this his previous health had lieen good 

At the time of entrance, examination showed extreme abdominal pain and 
tenderness, no change m liver dulness, but signs of free fluid m the abdomen 
At operation, fluid and clotted blood were found m the peritoneal cavity The 
spleen was found nonadherent and bleeding from a rent m the capsule The 
gallbladder contained many small stones but was left intact 

The spleen was dissected almost into two equal parts by the hemorrhage, the 
tear extending transversely from the convex surface to the hilum There had 
been no stripping of the capsule The absence of adhesions and scars, or strip- 
ping of the capsule, made it seem unlikely that the previous injury was responsible 
for the rupture 

The patient’s recovery was uneientful 

One case was reported by Connors - m 1921 

Case 2 — A man, aged 38, an ilcohohc, had bronchitis and was suspected of 
ha\ing pulmonarj tuberculosis For three months previous to his admission to 
the hospital he had nausea, constipation and pain m the right upper part of the 
abdomen No injury had been sustained, and he had never had tjphoid or malarial 
fc\er At the time of entrance to the hospital, he complained of pain in the 
upper part of the left side of the abdomen 

Roentgen examination showed a stricture of the colon at the splenic flexure 
which was thought to be malignant No stricture of the colon W'as found at 
operation The spleen had a hematoma beneath the capsule and w'as rcmo^ed 
There was no actue bleeding at the time of remoeal Examination of the spleen 
showed the splenic tissue to be apparenth normal Except for the hematoma 
which practicilK bisected the spleen longitudinalK , it was normal in size No 
imeroscopie examination was made 

Ihe jiatient reeoecred from the operation but three months later returned to 
the hospinl with jiaiii in the upper pirt of the abdomen, and examination disclosed 

'submitted lor publication, Sept 3, 1929 

1 'shorten \\ W Brit M T 2 844, 1919 

2 C onnor- I E \nn Siirg 74 1, 1921 
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a tumor mass m the upper part of the left side ot the abdomen which pro\ed to 
be a c^st, probabh of the pancreas, resulting trom the inclusion ot a part ot the 
tail in the ligature Four ^ears later, the patient died of pulmonam tuberculosis 

In 1922 ]\Ietcalf e and Fletcher “ reported t\t o cases 

C-\SE 3 — A man, aged 21, de\ eloped a sudden se\ere pain m tlie left side of 
the abdomen, radiating to his left shoulder, he lomited and went into a state of 
shock Se\eral hours later, he de\ eloped paro'^smal pain in the lett upper 
quadrant, accompanied b\ tenderness, but no rigiditi or distention He had a 
leukocjte count of 25 000 Xo historj could be obtained of an injurv, or ot 
malarial or tiphoid leier He had had influenza and pneumonia a tew lears 
preMOUsh He had had no gastric symptoms, and the assermann reaction was 
negatii e 

Splenectomi was performed, and the patient recotered The spleen was 
apparenth normal microscopicalK and macroscopicalh 

C^SE 4 — A man, aged 21, deieloped cramphke abdominal pain that radiated 
to the left shoulder, and dizziness This pain came on following a large drink 
of cold water On admission to the hospital, he said that he had had no preinous 
serious injuri or illness The dai after admission, he got out ot bed but had 
a return of the abdominal pain and dizziness He later de\ eloped more pain 
shock and signs of internal hemorrhage At this time, there was no rigiditi or 
distention, but dulness was present m the flanks The loHowing dai, he still 
had pain in the abdomen and shoulder and seemed m a little better condition 
The dulness in the flanks had increased howeter, and at operation blood was 
found in the peritoneal caiiti A clot was found about the spleen and splenec- 
tomi was pertormed 

The spleen was found to ha\e ruptured on the corner suriace, but micro- 
scopicalh and macroscopicalh it was otherwise normal Recoien followed 

The fifth case was reported b\ Susman ^ m 1927 

Case 5 — A. man, aged 53, seienteen hours before admission de\ eloped a sudden 
seiere pain in the upper part of the abdomen as he bent down to hit a bucket 
of water, and became nauseated He had preiiousK been in good health until 
the last three months, during which he had flatulence and indigestion alter meah 
There was no histori ot tiphoid, malaria or injuri 

On examination, the patient appeared to be in a state of shock The abdomen 
was boardlike, distended and \er\ tender m the upper and leit portions The 
Iner dulness was decreased and he had pain in the right shoulder as well as 
m the abdomen \ preoperatne diagnosis ot nerforated peptic ulcer was made 

\t operation the trails! er^c colon was so greath distended that puncture was 
iiecessare before exploration could be made The pehis contained blood that 
was seen to be coming iroin the spleen which was reinoied About 10 or 12 
ounces (2 95 or 3 55 cm 1 was pre'Cnt in the peritoneal ca\it\ but at the time 
of operation there was no actne bleeding The patient died three dies aite' 
operation from parahtic ilei ' 

The spleen was normal in sire shaiK and coiisi-tenci there was t hema- 
toma almost as big as the spleen itseli beneath the capsule oi the cone ex surnce 
where there was a tear about 1'. inches long and H inch deep tran-eer e and 
midwa\ between the upper and lower poles Tlie spleen was eireiulh di sected 

3 Metcalte R T "■nd Fletcher 1 7 \nn ‘surg 75 Wi 1022 

4 Susinan M P P.rit 1 *3 ,rc la 47 1Q27 
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in a search for some abnormality but none was found ” Examination of the 
other organs showed them to be normal 

The sixth case was reported by Rhame ° in 1928 

Case 6 — A white man, aged 25, an electrician, was seized with a sudden 
sharp pain m the left upper part of the abdomen, just after finishing dinner 
He vomited almost at once Despite two purgatives, the bowels had not moved 
at 4 the next morning He had had influenza seven years before but no other 
illness No history of malaria, typhoid or injury was given 

At the time of entrance to the hospital, he showed mild shock, moderate 
distention of the abdomen, tenderness under the left costal margin and rigidity 
over the entire left side of the abdomen Pressure over any part of the abdomen 
caused pain m the left upper quadrant There was no pain in the shoulder 
Analysis of the blood showed hemoglobin, 85 per cent, leukocytes, 13,040, and 
polymorphonuclear neutrophils, 85 per cent 

At operation about 750 cc oi free blood was found m the abdomen, including 
clots A rent was found m the outer surface of the spleen Splenectomy was 
performed The patient has remained well, with a practically normal blood 
picture 

Examination of the spleen showed it to be normal in size and appearance 
except for a tear m the capsule about the middle of the convex surface The 
hemorrhage extended through the middle of the organ toward the root Micro- 
scopically, the pulp was normal The malphigian bodies were thickened At 
one point the veins contained a beginning thrombus, but there was no reason to 
suppose that this thrombus antedated the hemorrhage 

The next two cases described may be regarded as doubtful In 1874, 
Atkinson ® described a case 

Case 7 — A woman, aged 35, had complained of epigastric pain and vomiting 
for five months She developed severe pain m the left upper part of the abdomen, 
which radiated over the entire abdomen, and she frequently vomited She died 
m a state of collapse twenty hours after the onset At postmortem examination, 
a large clot and much fluid blood were found in the abdomen The spleen was 
shrunken, pale and flabby, the lower pole being “muddy pulp ” The other abdom- 
inal organs Uisclosed no abnormality 

In 1878, Skerntt ^ reported a case 

Case 8 — A man, aged 53, had complained of nausea, anorexia and pyrosis 
for two months He had had an attack of severe nosebleed He was admitted 
because of a second attack, show’ing signs of severe hemorrhage No abnor- 
malit\ was found on abdominal examination After being in bed for several 
hours, the patient became djspneic and died within an hour 

At autops\ a large mtraperitoneal hemorrhage was found, with a ruptured 
spleen, the tear being on the con\cx surface and 1 inch (2 5 cm) long No 
microscopic examination was made The spleen and clot weighed 26 ounces 
(737 Gni ), but the weight of the spleen alone w is not given The substance w'as 
described as soft and pulpv, owing to postmortem changes 


5 Rhame, J S \nn Surg 88 212, 1928 

6 \tkinson \nn burg 2 403, 1874 

7 SkerriU Brit M J 1 641, 1878 
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author's case 

I ha^e one case to add to those already cited 

C\SE 9 — ^The patient Mas first seen on the operating table after the appendix 
had been remo\ed, and free old blood had been found in the peritoneal caiiti 
A lower right rectus incision had been made I continued this upward and 



Fig 1 — ^Longitudinal section of spleen, show mg hematoma almost bisecting it 



Fig 2 — Coni ex surface showing clei-ation of capsule with hematoma bcncatli 


explored the entire right side of the abdomen Tiie gallbladder was thick gra\ 
and adherent to the hepatic flexure It was not disturbed \s no cause was 
lound for the bleeding on the right side, I slipped nn hand oier to the leit side 
and found the spleen to be bocci The incision was clo cd and a hieli Icit 
rectus incision was made The 'pleen was deliiercd lound to be bleeding ird 
excised Blood was loiind throughout the entire abdomen 
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Ihc history obtained snliscquent to the operation was as follows On Jan 
20, 1929, while sitting in a small clnir, the patient developed a severe sticking 
pain in the left side below the costal margin This gave him considerable diffi- 
culty m breathing He thought that he was about to have a bowel movement 
and walked into the toilet He had no movement, however, and about ten minutes 
after the onset of the pain he became faint and laj down One-half hour later 
he got up and walked to his own home next dooi The pain became less, although 
It was still present It was more severe when the patient was lying down than 
when he was sitting up From that time until January 25, when he was operated 
on, he still had pain, which was present at all times and increased when he 
breathed or moved about 

The past histoiy was unimpoitant from an etiologic standpoint tie “had 
always been well,” had had none of the ordinal y diseases of childhood, and, 
except for an occasional attack of gup or cold lasting for a day or two, he 
could remember no time when he felt bad He had not had malaria, typhoid, 
syphilis or any other chionic disease He had had no gallbladder or othei 

Blood Couiih Subsequent to Opetation 


Date 

■Wliile 

Blood 

Cells 

Red 

Blood 

Cells 

Ilemo 

globln, 

per 

Cent 

Color 

Index 

1/29/29 

19,850 

5,552,000 

95 

09 

1/30/29 

19 200 

5,821,000 

<)5 

08 

1/31/29 

20,100 

5,770 000 

95 

0 9 

2/ 2/29 

1B,9'0 

0,204,000 

5,000,000 

100 

09 

2/ 4/29 

23,223 

93 

08 

2/ 5/29 

23,150 

4,021,000 

100 

10 

2/ 0/29 

18 000 

4,730,000 

100 

10 

2/ 7/29 

21,9'0 

1,992 OOO 
5,072,000 

95 

09 

2/ 8/29 

22,350 

20,150 

93 

08 

2/ 9/29 

5, 150,000 

100 

10 

2/11/29 

11,850 

5, 100,000 

95 

09 

2/12/2S 

10,080 

5,100,000 

03 

09 

2/13/29 

11,350 

5,508,000 

93 

08 

2/14/29 

11 3j0 

5 038,000 

100 

1 0 

2/15/29 

10,100 

5 210,000 

100 

1 0 

2/10/29 

11,100 

5,218,000 

100 

1 0 



Bin go 

Small 




Polv 

Ljin 

Bun 




moiplio 

plio 

plio 

TransI 

Eosino 

Bn?o 

miclenis 

cj tos 

ejtcs 

tlonals 

plills 

plills 

95 

4 

1 




89 

10 




3 

87 

13 





90 

S 

2 




91 

5 

I 




81 

13 



2 

1 

81 

5 

8 


1 


82 

12 

2 


1 

2 

81 

5 

8 

3 


1 

82 

11 

5 

1 

1 


87 

0 

C 

1 



87 

8 


2 


» 

83 

7 

(> 

1 

1 

2 

(il 

21 

5 

0 

1 

J 

<>9 

21 

5 

2 



05 

22 

8 


1 

1 


abdominal SMiiptoms IIis mothei died of carcinoma of the stomach, and one 
brother died of nephritis lie had stopped work foiii diys previous to the onset 
of pain lie had had no accidents He was a bnekmaker 

On entrance to the hospital, examination disclosed moderate tenderness and 
rigidits o\er the entire abdomen, somewhat greater over the left upper ciiiadrant, 
pain particularlv about the umbilicus, a temperature of 100 4 F, and a Icukoce- 
tosis of 18 200 ^\lth 80 jicr cent neutrophils Examination of the blood made 

the (1 1 \ ifter operation showed a ncgatiec Wasseimann reaction, Widal test 

ind blood eiiltiire 

A report of the blood counts mule for two weeks after operation arc gi\cn 
in the iceominiu ing t ible 

Ihc spleen weighed 156 Gm and measured 17 In 18 bv 2 cm 0\er the 

anterior upper tlnrd there was an clceatcd irca 8 bj 7 cm in whieh the capsule 

was sep irated from the spleen ind when opened exuded clotted blood I roin 
this there w is direct communication into the splenic tissue A similar small 
ire i w IS noted on the opjKisitc side Ihc rein lining splenic tissue was of norm d 
color and consistence Section longitudiiulh showed a normal iiiiicarmg spleen 
exceiit lor ire is oi hemorrh igc 

Mieros(fipiL section showed an increase of the fibrous elements with marked 
thukennu ind luahnirition of some of the blood \cssels 
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The postoperatne course \\as somewhat storm 3 On the second da\, he 
became distended and de\ eloped an acute dilatation of the stomach About the 
tenth da>, he had what seemed to be an attack of cholecjstitis, and a week later 
while at home he had a second attack From that time on he had been in good 
health 

COMMENT 

The sjmptoms, except for the historj of trauma, were not unlike 
those of traumatic rupture, although on the whole they were less set ere 
Sudden set ere pain in the upper part of the left side of the abdomen 
was the onlt stmptom common to all cases Vomiting was present in 
four cases, shock m four cases dulness in the flanks m ttto cases, pain 
in the left shoulder m tw o cases and in the right shoulder in one , rigiditt' 
was present in three and tenderness m four cases Distention was 
present in two cases In none of the nine cases was the condition cor- 
rectl} diagnosed pret lous to operation 

Eight cases occurred m males and one m a female The tw o patients 
w ith doubtful cases died w ithout operation, and tlie ruptured spleen w as 
found at autops} Six of the se\en patients operated on reco3ered and 
one died Death was due to paraljtic ileus One patient returned tor 
operation three months later for a pancreatic c}st 

Spontaneous rupture of the pathologic spleen is not uncommon 
Malaria® is the disease in which the spleen ruptures most trequenth 
t} phoid ® is probably the next Cases ha3 e been reported in hemo- 
philia,^® pregnancy,^^ tuberculosis,^® acute infections and a few other 
conditions 

Susman summed up the Aiews on the causes of spontaneous rupture 
as follows 

(1) Softening of all the structures of the spleen 


8 Rankin, W Brit :M J 2 211, 1917 Ogihie \V B Brit kf T 1 

200 1916 SkeMngton, J Bnt J 1 571, 1920 Sheaf E Bnt M T 

1 767, 1920 Lutten, in Xotbnagel Special Pathology and Therap^ p 245 
Turner G G Lancet 1 799, 1917 Xoland and Watson ^nn Surg 57 72 
1913 

9 Connor and Downes -km T M Sc 147 332 1914 Br\an -^nn Surg 

1 85(1, 1909 

10 Hammesfahr, C Zentralbl f Chir 1 1634 1923 Tricslebcn M 

Deutsche Ztschr f Chir 173 45, 1922 

11 Strctton, J L Bnt M T 50 901 1926 Simplon Edinburch Af T 

12 268 1866 Hubbard Xew York M T 30 75 1879 Schwing Zentralbl 
f G^nak 4 291 1880 

12 Cannadar Tr South Surg & G'nec \«sn 27 514 1914 

13 Eicber, E L \\ len klin \\ cbnschr 34 581 1021 Millar Bnt M T 

2 400 , 191(> Dicbl H S Spontaneous Rupture 01 the ‘^pktn rollnwing a 

Carbuncle T \ M \ 82 ^51 (.March 22) 1D24 Lainpc Deutsche Zt~ch- 

Chir 44 407, 1897 
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(2) Congestion of the poital A'cin and its radicles and inability of 
the narrow splenic vein to accommodate itself 

(3) Blood being thus foiccd between the spleen and the investing 
peiitoneum which finally gives way and 

(4) Peiisplenic adhesions which b) fixing the organ, predispose to 
rupture 

That spontaneous luptuie of the normal spleen ever occurs is 
denied, but evidence fiom the eight ruptured cases and my own would 
seem to indicate that such a condition has occurred Two theories may 
be entertained as causes of such rupture The first is that the spleen 
IS not normal in its entiret}, but that the rupture occurs at a localized 
diseased area, and that this area is destro) ed by the hemorrhage result- 
ing from the luptuie The digestive juices of the stomach are decreased 
following removal of the spleen,^^ and probably the spleen supplies a 
substance the loss of which would cause the stomach to secrete less 
pepsin From this Susman suggested that the disease of the spleen, as 
yet unrecognizable or localized, causes the disturbances of the digestive 
system In support of this view, he wrote that of the seven cases 
reported up to the time of his article, “five patients had digestive symp- 
toms, two had conditions m the other organs sufficient to account for 
these symptoms — namely, gall stones and tuberculosis respectively , in 
the remaining three no cause for the gastric symptoms was discovered ” 
Of the two subsequent cases, that of Rhame disclosed no concurrence 
or previous disease, while mine showed evidence of a diseased gallbladder 

The second theory is that the rupture of the normal spleen is not 
spontaneous but traumatic Lempriere reported a case in which a 
small rupture of the spleen occurred , it stopped bleeding but eight days 
later during exercise rupture occurred for a second time 

Jackson reported the case of a patient operated on tw'^enty-eight 
days after injury to the left side caused by a desk at school At the 
time of the injury, she felt only slightly unwell Cases of traumatic 
rupture are reported in which the injury was not commensurate with 
the pathologic condition The spleen may also be injured by indirect 
violence,^® as that caused when a person twists to escape falling or 
when there is a sudden and violent contraction of the abdominal muscles 

The spleen is a contractile organ having systole and diastole It also 
varies in size, increasing after eating It has what may be considered a 

14 Ledderhose, in Billroth, and Luecke Deutsche Chirurgie, Stuttgart, 1890, 
vol 45, p 147 Foucault Je de med de Bordeaux 32 1002, 1925 

15 Mojnihan Bradshaw Lecture, 1920 

16 Lempriere Brit M J 1 581, 1923 

17 Jackson, J N Surg Gynec Obst 41 362, 1925 

18 Gordon-Watson Chouces System of Surg, vol 2, p 3 
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normal Aariation m size dependent on the load thronn on it b} the 
necessit} of eliminating blood cells and toxic products 

Six of the nine patients ga^ e a possible histon ot indirect -nolence 
Of these, tno had nausea and ^omltmg one nausea and retclung and 
one experienced strain from reaching donn to htt a bucket of nater 
The other t^^ o had bronchitis It is not stated that the rupture occurred 
dunng couglnng or retching but it is possible that as tliese complaints 
had been present for a long time and were ot trequent occurrence the} 
ere not assoaated b} the patients \\ ith the onset ot the pain In the 
other three cases, there is no histon ot an\ fonn ot tramna 

In my case, the spleen ruptured iihile the patient Mas sitting qiiietl} 
in a chair Tivo patients had definite disease ot the gallbladder Mithout 
s}’mptoms One had eaten a hea\i meal just before the rupture and 
another had had a large dnnk of cold w ater tu o had had gastric snnp- 
toms Mithout demonstrable pathologic change in one the histori was 
altogether negatii e, and in one a beginning thrombus m as present 

A diseased spot in the spleen ma} haie caused some of these rup- 
tures, recent trauma others and remote injun still others but on the 
basis of the evidence presented I do not feel that spontaneous rupture 
of the normal spleen mai be considered nonexistent 
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LtUgc adcnom.is of llie kidney .11 e i.ncl} icpoitcd m the Iiteiatuie, 
but small lumois of this ty|)e vaiying in si/c fiom 2 mm to 2 cm aie 
often found at neciopsy Kictschinci * lecently leviewcd seventeen 
cases of the foimei type in the hteiatiiie and added a case of his own 
Wc aie icpoiting anothei case, the thud 111 which opeiation was pci- 
f 01 mod and the thud lepoitcd fiom the Majo Clime " 


uii’ORi 01 A CASi: 

A man, aged 46, c.mic to llic M lyo Clime eomiilaimng of stomaeli trouble 
we<d<ncss, constip ilion md a pilpdilc tumor m the left Inpochondrium His 
father hid died of cueiomi of the rectum iit the age of 60 the patient had 
m liana in 1894, and in 1909 he had i “nervous bicakdown’’ and a hemorrhoidec- 
tomy w is pel formed lie st.itcd that since he was 20 je.irs of age he had had severe 
indigestion, characteii/ed by g.iseous distention, nausea and cingastnc heaviness 
Beeiuse of constipation he had recpiired eithirlics daily foi \cirs Dining the 
last SIN. months, the weakness hid become piogressively w'Oisc Two weeks prior 
to cx imimition, he consulted his f imily physician bcciuse of the d\six;psia At 
th.it time, a tuinoi w’ls found in the left side of the ibdoinen, <iiid a loeiitgeiio- 
giam was advised 

1 he patient appeared to he neivous iiid fi ill IIis height w'ls S feet 5 inches 
(165 cm), and his weight, 120 jiounds (54 Kg), he claimed this w is his usual 
weight The pulse latc wis 90, the tcnipei ituic w' is 97 8 F The s^stohe blood 
])rcssure w is 118 and the diastolic 78, measuied in imlhmetcis of incieiiij Iheic 
wis i brown ]> itchy diseoloi ition of the skin in the regions of the axill i, groin 
and buttocks Antciioily, a miss extended fiom the left cost il aieh almost to 
the iliac crest This extended posteiioily into the costoveitebial angle, and moved 
with lespiiation It was firm and p, unless and iiiegulai in outline 1 he region 
of the right kidney was norm il on palpitioii, but hid a luge v.incoccle on the 
left side I he specific gravity of the mine wis 1 016, the icaction was acid, and 
the ilbumin was gi aded 1 1 here w is .111 occasion il pus cell in c leh low-powei 

inieroscopic field Ihe blood uiei wis 22 mg in 100 ec Ihe hemoglobin was 
81 per cent, the crythiocytes numbeicd 5,070,000, ind the leukoc\tcs numbered 
7,100 Ihe W isserm inn leiction of the blood was negative A test meal sbow'cd 
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tlie total gastric acidib to be 40 and free h\drochlonc acid 16 in a total quantity 
ot SO cc Roentgenograms of the chest and stomach were normal a roentgeno- 
gram of the kidne\s, ureter and bladder disclosed a large shadow m the region 
of the left kidnei, and a spina bifida ot the fifth lumbar leterbra Examinations 
showed that the eies, ^ars, nose and throat were normal Three teeth showed 
etidence of periapical infection 

Cjstoscopj re\ealed a normal bladder and normal ureteral meatu^es Clear 
spurts of urine appeared from each ureter Catheters passed to each kidnei with- 
out difficult Specimens of urine, collected from the kidneis through catheters 
in the ureters, did not contain pus A. lew blood cells were present but were 



Tig 1 — The left pielogram shows the outline of a Hrce pel\i- with the 
superior and interior caliccs unusualh broad and 'oniewhat elongated The 
middle cahx is abbreiiated The outline of the lower calix is irrearular in den-it\, 
suggesting cortical pres-ure The kidiiei is large 

assumed to be traumatic in origin as a second speeniien iroiii the leit kidnei did 
not contain blood Indigocarnimc injected intraeenoush appeared in lour minutes 
trom each ureter with concentration graded 4 A. peelograni was made on the 
lett side (fig 1) and showed the outline ot a large renal ikUis with the superior 
and inferior cahees unusualh broid and somewhat chugated The mulille cahx 
was appareiith abbreeiated The lower cahx was irregular m deii'ite sugge-lmg 
cortical pressure The diacno-is was mdeteriiiinate but ■> pohci'tic lidiee or 
a single c\st ot the lower pole was considered \ pielograiii wa- then inaik oa 
the opposite side which was ne^atiee this exch ding i>ohc\sne di ea c \ dirc-- 
eiitial intraeenoiis phenol'iilphoiipbthakm te-t showed a i r n il reti t m.i i each 
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Fig 2 — The posterior surface of the left kidnej shows normal substance in 
the center with the largest tumor attached to the lower pole The capsule has 
been removed from the tumors and the kidney 



F'S •S — A cross-section of the kidney shows multiple adenomas , the largest 
IS 12 cm in diameter Normal renal tissue seen on the left is being compressed 
b\ multiple adenomas A small adenoma may be seen in the cortex of renal 
tissue 
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kidne\ \ urologic diagnosis \\ as made of the tumor of the left kidne\ , e\ identh a 
solitary c^bt of the lower pole, with unimpaired renal function Exploration oi 
the left kldne^ was adMsed 

The gastro-intestinal si-mptoms were explained b\ tlie constipation, with pos- 
sibh a secondari relationship to the renal lesion Pigmentation of the skin sug- 
gested h\’posuprarenalemia associated with the renal condition, but because the 
blood pressure was not low, this was considered unhkeh 

At operation a left oblique lumbar incision was made The kidne\ was about 
fi\e times the normal size, nodular in shape, and moderateK adherent to the 
surrounding tissues \t the lov er pole was a large rounded tumor, and multiple 



Fig 4 — In the center and right lower quadrant are definiteh malignant cells 
w ith large nuclei and multiple large nucleoli , X 250 

firm, smaller nodules surrounded the kidnei -^s the mass was retracted forward 
and upward, there appeared to be a small amount oi renal tissue rcmaimng on 
the posterior aspect The pehis, ureter and a-ascular pedicle were m practicalli 
their normal positions The ureter was cut at about 5 cm distal to the pehi~ 
ligated and dropped back The aascular pedicle was cut and doubK ligated 

r \THOLOGIC D \T \ 

The kidnc\ was about fi\c times the no’-mal size tfig 2'* When stctir ,d 
through the long axis (fig the capsule stripped with difncults On the ctu 
surlace there were fixe distinct graxish red tumors the largest 12 cm la diame^e' 
all stirroniuhng a snnll amount oi normal appearing renal ti si e In tl . cr-tex 
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of the kidnev just beneath the capsule were two small tumors, 3 and 5 mm in 
diameter There w'ere se\eral trahecul ited areas of wdiite shm\ material resem- 
bling connective tissue which radiated from near the center of two of the tumors 
One tumor also had a dark area that appeared to be the result of hemorrhage 
When the capsule was stripped from tlic mass, the renal substance radiated 
over the surface of the tumor until it became so thin that it appeared to act as 
the capsule of the tumor Each tumor appeared to be encapsulated and defimtelj 
benign, but on microscopic examination this was shown not to be the case 

Microscopicallv, tumorous tissue was seen in juxtaposition to renal tubules 
and glomeruli (fig 4) The tumor, liowc\cr, end not ha%e a capsule, tumorous 



Fig 5 — Normal renal tissue may be seen in the upper left corner of the 
section The tumor is in the lower right part of the field with no intervening 
capsule Renal tubules have been compressed in the area between the tumor and 
the kidney, X 150 

cells adjoined normal renal cells There was evidence of cortical pressure as the 
blood vessels and tubules, and the glomeruli were flattened near the tumor The 
arrangement of tumorous cells was roughly adenomatous The cells were pohg" 
onal and resembled columnar epithelial cells , they were slightly irregular in 
shape A moderate degree of differentiation w'as present The cells and their 
nuclei were larger than normal renal cells Large nucleoli and deeply staining 
granules w^ere present, appearing to be definitely malignant cells (fig 5) 
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<li\i’ii]i iiu ! ini tniiiiirv tivit iil\ inmul in Mniinii jurvunv iri nuirc 
nnliLii nit niniliivil\ riviniiili. nl, nut ui inii,n i nr in ju r,u jiliriini i In 
mlitr Wfiiilv ill ultiiiiiiiiv 111 till Kiiiiu\ luluin to tin v,, t illcd Inptr- 
luphriiini t\iit ^\llKll iv inipiiri nit to tlu viir,^',Mn irmii i tiicripcittic 
vt niiipiiint \'- tllii'tr iti i] in tin t nt jirivintni «iinll tnnior^ nn\ in. 
])ii.vi.nt in tlu itiiil ciirlt\ with hn't tnniorv ‘^lunilil tlic tntnor be 
ri-vLct ibk in 1 in niiu-r til n wntibi kn\t > niiictiiiiiini: kifliiex tine wntilil 
«ctni to be tin. jinntilurt to cirr\ out It one ketjiv m inincl the poe- 
‘•ibihtN oi imtitiiili ttiniorv uul m nnhiiii inc\ nephrectonu would =iem 
to he the bevi pi in it tlie opiiovite ki<hu% iv nonn il It n not ixiseilik to 
determine how lout,' ttiniorv ot thm t\pe hi\e been prevent in n cucii 
kidiiet Grow til imivt be \er\ vlow in nioet envev ] ollowiii" re«cction 
ol one ]iole ot i kidne\ tor ulenonne one jntienl wus known to be nh\e 
tnd well eiedit eeurv liter’ In another cuse two \curv, tollowin" 
nephrcctomt lor n similar t\pe oi neoplaeni the patient is known to be 
alne and well * There is no ceidencc in the literature that the tumors 
metastasize but the microscopic appearance leads one to beliete that thet 
would It the tumor was allowed to grow for a suRicienth long time 
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BALTIMORE 

FOREWORD 

It IS impoitant to record here again that Dr Copeland and Dr 
Geschickter were research fellows in the Surgical Pathological Labora- 
tory of the Johns Hopkins University and Hospital for six months only, 
ending Jan 1, 1929 Pievious to enteiing on this investigation on 
tumoi s of the bone, 'they had studied the bone material and published in 
the Archives or Surgery a comprehensive investigation of multiple 
myeloma This work was performed while they were medical residents 
at the Baltimore City Hospital under the supervision of my colleague. 
Dr Boggs, and I should like to recoid heie my appreciation of the aid 
and opportunities that he gave these two young medical graduates 
During these six months eveiy tumor of the bone, benign and malignant, 
and every example of disease of the bone, were studied comparatively, 
first microscopically and then in the gross and by roentgen and clinical 
pictures To make this investigation even more comprehensive, all the 
benign and malignant connective tissue tumors of soft parts, tendon 
sheaths, bursae and joints were gone over m the same critical way 
On January 10, two papeis by Drs Geschicktei and Copeland weie 
piesented before the Johns Hopkins Medical Society and discussed by 
Dr James Ewing of New York The first paper was on “Osteitis 
Fibrosa and Giant Cell Tumor” and was published m the Archives 
or Slrger\ , the second was the present paper on the nature of Ewing’s 
tumor I have before me a third paper giving the results of their study 
ot the metastasizing and recurrent giant cell tumor A fourth paper, on 
osteogenic sarcoma, is almost ready for publication 

* Submitted for publication, Dec 27, 1928 

* r rom the Department of Surgere and tlic Surgical Pathological Laboratorj 
of the lobns Hopkins Hospital and Lnuersiti ' 

* \itlcd b\ a grant of the Hartlea Corporation 
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In •li^iu'-^in^ tin iwo I'ljui- luiuii tlu Idlin'- llopkin^ Mtilicil 
''OCKlN 1 \\ l*- I'-koi ll\ dIU di Iil\ Idlll lUlK'- wlutlui 1 ll 1(1 told the 
luthdr'- ill tlu new tlnn.t'- llu\ iiioi.^lit out in lluir pqui'- Me nii'-wei 
*-lidiil(l In piihli^lu d lure -“Xd Pi (u^eliuktei iiidDr C ope 1 iiid in i\ 
he -tieen e.udit im eeeietlini^ tint de-ene-- eredit in tlm '-eiu^ ot 
urtick-- dll le ^imi'- ot the hone itul it n ni\ dpinidii tint thee hiee, mule 
eihnhle und helpnil Cdiitrihuiidii- 

i lie nicdu il jirdie.'-^inn evi tim enniitie n Ii'-teiiiiu: in loi Tiie cor- 
re.ct inidiiintidii eelmli eeiil hel|i them to mtei])i(_t pmperle mul treit 
mtelluteiitle k'-unn ni the hone \‘i the e\]iiiKnce ol thri'-e eelui “^ce the 
hrtje.'-t mimhe,r dl pitunt'' uimnlle •^inee'- the ehflieiiltie'- ol elnt^no'-n 
mcre.T'-e 1 In'- n ehrectle dtu to the i ict tint the jieople ire ‘(o tmieer- 
^nlle md "O eecll informeel tint thee '-e.ek i roenttieii '-tilde the momcnl 
thee nrcneeircoi me '-eiiiptom leierrtd to i hone or joint J he clinic il 
picture tint ee^‘: helpltil m the pT-t n riiele 'ilone helpliil tod le Ihe 
rocntgcnoijr'im m the cirle “etnite ot the elnei'-c m in me imt'ince': reeeals 
1 iicee picture In nddition eehen hiopee n iicee-'-nre cecn trained 
patholognts are sometime'' uinhle to diliertiitnte heteeeen benign and 
nnhginnt lesions Roentgeiiognms aic hemg t iken lor apparentle 
trienl conditions and after all slnrht contusions ot the hone or sprains 
ot loints so that healed or latent diseases ol the hone are being brought 
into eieee eeith eeliich as eet surgeons haee little famiharite 

Let me giec a feee examples from the pist eear \ postgraduate 
student u as m the roentgen department w hen a new Coohdge tube w as 
being tested and ofTered her leg for a roentgen examination There had 
been no semptoms on the part ot the fibula The dee eloped plate showed 
what was interpreted as a partialK healed c\st ot the bone m the shaft 
of the fibula Up to the present time I haee no record of a primare or 
metastatic malignant tumor being so reeealed be puiest accident but 
about see'en eears ago, in a roentgenogram of a knee-joint made because 
of sjmptoms suggesting tuberculous arthritis, a calcified area eeas found 
in the outer condjle of the femur, it eeas interpreted as healed tuber- 
culosis or ossified bone cest and for this reason eeas not explored 
Three eears later, I eeas compelled to amputate this leg for a me^xosar- 
coma, and the patient is noee deing of metastasis It is fair to conclude 
that if the area had been explored and radicalle remoe^ed, the patient 
eemuld probabl} be cured, peihaps eeithout the loss of the limb On a 
feeec occasions, I am inclined to the eieee that the apparent cure of a 
lesion of the vertebra diagnosed as a metastasis from cancer of the 
breast is due to the fact that the disease ot the eertebra is caused by 
tuberculosis or an old fracture In a patient eeith Paget’s disease of 
the skeleton and a history of the remoeal of both breasts for cancer 
fifteen years preeioush", there eeas nothing m the roentgenogram of the 
skull to suggest the metastasis later found at biopse 
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A lecent i oentgenogi am of the shaft of the tibia in a child, taken 
because of a lesion that suggested a cyst of the bone, disclosed a 
malignant aneurysm of the bone lined by osteogenic saicoina tissue, 
while another suggesting a malignant tumoi pioved to be a benign cyst 
of the bone A destiuctive lesion m the ilium diagnosed as piimaiy oi 
metastatic malignant disease pioved at biopsy to be gianulation tissue 
Three months ago, one of my colleagues who is expeiienced m roentgen 
diagnosis referied to me a patient with a lesion of the uppei shaft of 
the femur, a positive diagnosis of osteogenic saicoma had been made, 
and the patient requested advice as to iiiadiation oi amputation Sub- 
sequent events proved the condition to be osteom 3 felitis, and the patient 
was lelieved without iiiadiation oi amputation 

Studies of the type of those of Dis Geschicktei and Copeland, based 
on laige senes of cases, aie theiefoie welcome But it must be lemem- 
beied that the clinical, loeiitgen and gioss pictuies aie of types of 
saicoma of bone obseived during the past thiity-nine yeais The only 
uniform obseivation is a histologic one Yet, when one compaies the 
sections in these sixty cases of round cell sarcoma aiising m the shaft 
of bones of patients from 4 to 44 yeais of age with lound cell saicoma 
of the soft parts, it requires considerable expeiience to diftei entiate 
them Nor is it alwajs easy, with the microscope only, to pick out with 
ceitainty Ewing’s saicoma from multiple myeloma, fiom some of the 
cases of chondrosarcoma, fi om endothelial angiosaicoma and fiom the 
gianulation tissue of periostitis oi osteomyelitis It is theiefoie impoi- 
tant foi pathologists to familiaiue themselves with this histologic pic- 
tuie, because as lesions of bone come under obseivation, it becomes moie 
and more difficult to recognize the natuie of the disease fiom the i oent- 
genogi am, with the help of the clinical pictuie and all othei laboiatory 
investigations Biopsy at the exploiatoiy incision will have to be 
employed more and more often, until studies of this chaiactei m a 
laiger number of moie recent cases make it possible to obtain some clue 
to a moie correct diagnosis fiom the roentgen examination 

In conclusion, it is important to record heie again, as I have fie- 
quently done befoie, the safer working lules foi the diagnosis of and 
the treatment foi lesions of the bone 

1 If the roentgen and the clinical pictuies aie oliscuie and help is 
wanted in inteipietation, do not peifoim biopsv and send the sections 
to othei departments for examination, but lefci the i oentgenogi am and 
a report of the clinical picture 

2 While waiting for the diagnosis, keep the pait at lest in bed 
in erutches or a sling, and gi\e the patient roentgen iiiadiation The 
best results are being olitained with daity treatments for twehe da^s 
'^ucli treatment ne\er does harm It makes it possible foi one to tell 
whetiier the lesion is radiosensitne — a valuable point often emphasized 
1>\ Dr James Ewing of New York 
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tni^nii-ii ittiiii nntl'iiiii I lit iitit\ti\ ni tiu ))itunt iiul the prtsente 
01 ‘■I i|i!i\ It It I If 1 1 in 1 1 1\ f I 'll) K iiid i iiltiii t ' 1 1 1 nil tilt ti"iic coii'ftituted the 
nui'i jKi^ilut t\iiitntf 1^ iiii't nuiltiiiif iiutlmii.i I t\ti and leuho- 
r\t(ii.ii. wnli in inert I't in tiu jituiiitutt ol ])oI\ inoi phoiuicleai leuko- 
tfit' is 'iuiwn Ii\ ( iijuliiul iiul iit'thuktti 111 this jiaper mat be 
ob'tiMtl ni 'ucfiiiii IIo\\(.\ti tin. dtliiiitt dtiiioii'iti ition ot abscesses 
It tilt rfiot' 01 (lit Itttli iiilttttd tDii'il' nr adtnnids and a recent bistort 
"t iniinitlt' t irbniitlc m oiliti lorins ol infctlion aie for reasons 
riifhciilt to t\i)lain 1 nth itioidttl in the Iiistoiicb of patients with sar- 
coin 1 while tht\ art ii'ii ilh jiit'tiU in ostcoin\ehtis 

Do not nti,dtct tht thiiital Instore It is quite possible that as the 
numbei of tartlulh rctorded thnital histones ot the earliest stages of all 
tepcs of lesions ot bone aie inertased \aluable difteientiating data mav 
‘igain be brought to life 

Do not neglect palpation Repeat it It is quite tiue that tlie oldei 
descriptions of the palpation of benign and malignant lesions of bone 
no longer hold good, but I am finding new data wdien palpation is 
repeated For example, when palpation was performed on the patient 
alread} referred to who had a lesion of the upper thud of the shaft of 
the femur diagnosed roentgenographicalh as sarcoma, a spindle sw'elling 
"as found surrounding the femur below the lesser trochanter for a 
distance of 6 cm This is the usual manifestation m periosteal sarcoma 
Tliere was certain evidence m the roentgenogram that suggested 
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osteomyelitis Abscesses at the loots of teeth and infected sinuses weie 
found Aftei these foci of infection were tieated, the encii cling spindle- 
shaped periosteal mass quickly subsided, leaving only on the outei side in 
the fascia lata a small doughy mass the si7e of a dollar, as this quickly 
became detached fiom the femoial hone, my associates and I weie con- 
fident from palpation alone that this could not happen in saicoma A 
few days later, this aiea was exploied and a tiny sequestrum was found 
in a cavity lined by gianulation tissue and without pus Again, the 
fiozen sections of this gianulation tissue suggested saicoma, hut oigan- 
isms in the smears and later cultures piactically excluded saicoma 
This sequestium showed in the loentgenogiam It was not laigei than 
2 by 3 mm The finding of this in the fiist roentgenogram was looked on 
as eiidence against saicoma / 

5 In these cases of saicoma of the hone in its eaily stages, there 
IS now evidence of positive cuies being effected by resection instead of 
by amputation, a few by curetting and irradiation and a few b} iiiadia- 
tion alone 

In piepaiation foi a deraonstiation hefoie the Chicago Roentgeno- 
logical Society, I lecently leviewed with a giotip of special students all 
oui lantern slides on lesions of the bone, and I found that Copeland and 
Geschicktei recoi dec! eight five-yeai cm es m Ewing’s tumoi a pei centage 
of almost 13 In 1921, I could lecoid only two five-year cuies among 
fifty-two cases of saicoma of all types — less than 4 pei cent of the total 
This gieat inciease of peimanent cuies is dependent large!} on eaiher 
intervention Every patient cuied by iriadiation alone, of couise, could 
have been cured by lesection oi amputation Theie is no evidence as yet 
that iiiadiation has cuied any patient with saicoma of the bone with 
metastasis to the lungs 

It IS my obseivation that Ewing’s saicoma of the bone is moie 
ladiosensitive than any othei type of saicoma of the bone, and this is 
A\hy inadiation should be tried first in all doubtful cases 

I can add the following cases to those aheady lecorded by Copeland 
and Geschicktei Fust, theie is a patient now well seven yeais aftei 
treatment with irradiation alone The tumoi occupied the uppei half of 
the shaft of the humerus To have removed it would have reqiiiied a 
shoiildei-giidle amputation Theie is no proof, except the suggestive 
x-ia} picture, that it was a Ewing tumoi 

*\lmost thiee yeais ago, Di Campbell of Memphis explored a lesion 
of the lower third of the fibula Roentgenographically, the lesion was 
tipical of periosteal saicoma with involvement of the shaft, with both 
foimation and destruction of bone The section obtained at biopsy 
showed a Ew’ing round cell saicoma This patient is clinically w'ell 
The loentgcnograms now show' a healed lesion 
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More than four a ears ago Dr M atkins of Birmingham referred 
to me the roentgenograms and tissues of a sarcoma of the shaft of the 
tibia, microscopicall} , it ■\^as a Ewing sarcoma Nothing was done 
be} ond curetting and irradiation The chnical and roentgen pictures now- 
record a healed lesion 

^^'hen I go o^ er the records of all sarcomas of the bone there is no 
doubt that moie patients in the group wnth Ewungs sarcoma were 
radlOsensltl^ e and that in a few the condition was temporanh checked 
b} this treatment 

It is interesting to record again that in the cases in the records there 
IS not an example of a fiie-iear cure after amputation for a lesion of 
the upper extremiti or abo\e the middle third of the femur but there 
are now fiie examples of patients with different ti-pes of sarcomas of 
the bone situated in the upper extremities who haie remained well 
after resection At the present time I m}self would prefer resection 
to irradiation alone, but if the tumor is situated in the upper extremitc 
or aboie the middle third of the femur and its local growth prohibits 
resection, irradiation should be the treatment of choice 

The actual results of conseriatne treatment for sarcoma of the 
bone cannot be written toda's In a few lears suffiaent material wall 
hai e been amassed so that one can decide betw een amputation, resection 
curetting, w ith and w itliout irradiation and irradiation alone There is 
little eiidence that am treatment will affect or cure metastasis to the 
lung 

Ezcuig’s Saicojua — Before the publication of the article bi nn col- 
league Dr Ewing tliese sarcomas of bone were differentiatea from the 
osteogenic and other tipes of sarcoma as penosteal round cell sarcoma 
or alveolar sarcoma I agree w itli Dr Copeland and Dr Geschickter that 
thei are justified in picking out these 60 cases to be classed as Ewing s 
tumors from among the 400 examples of sarcoma ot bone I am inclined 
to feel that future studies w ill demonstrate that in the earliest stages this 
tumor cannot alwa^s be segregated b\ the chnical or roentgen picture 
but the demonstration of radiosensitiA eness will be suggestne of this 
peculiar round cell sarcoma and biops\ will also reieal a tipical his- 
tologic picture Let me again repeat a warning The granulation 
tissue periosteal or endosteal in osteomi elitis whether s\philitic 
p^ ogenic or traumatic, w ill closeh resemble Ew ing s sarcoma 

EtMkGS S-\RCOM\ 

B\ Drs Copei \nd \nd Geschickter 

Since the introduction ot the term endotlielioma bi Golgi ^ in 
\arious authois ha\e i allied this term as a pigeon-holeTor mam'^dd 

1 Golci C cited b\ Simon W V Die Knochen'arconi Ercrebii d Oiir 
11 Ortliop IG "41 *1025 
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and unusual tumois the oiigin and histologic lelations of which aie still 
but on the hoiizon of biologic investigation 

Fioin time to time vaiious tumois have been dcsciibed as endothelial 
111 ongm Bilhoth " in 1856 desciibed a tumoi in this categoiy which he 
called cylmdioma, and Waldeyei " latei linked the teim angiosaicoina 
with tumois classed as endothelial Kola/cek ‘ m 1878, and again in 1880, 
111 an extensive study, diew a compiehensive pictuie of such tumors 
under the teiiii angiosaicoina The piesent tendency, however, is to 
limit the term angiosarcoma to angiomatous tumois in which the unit 
IS the blood vessel and not the endothelial cell The teim peiithelioiiia 
has also been used to designate the ongm of many maligiicint tumors, 
as ceitain types of angiosaicoina, the teim being given special pioiiii- 
nence by Hildebrand “ m legaid to ceitam tumois of bone 

Against such classifications m which comparativeK few lecog- 
nized groups are suppoited by satisfactoi}'^ data, among the oldei authois 
Ribbeit “ may be consideied outstanding He expressed the view that 
the endothelial ongm of ceitam tumois of the bone has yet to be pioved, 
and, fuithei, that the meie continuity of the tumoi cells with endothelial 
stiuctuies at the margin of the tuinoi is no pi oof of their identity The 
proof of such an identit}' lests on the study of the tumoi at its inception 
01 at its onginal formative site In lecent yeais, Ewing® adopted the 
conception of Boist that the scope of endothelioma is probably wide, 
allowing him to give full expiession to the views of many who favoi 
the endothelial origin of a wide vanety of tumois the exact nature of 
which has not been detei mined With this idea in mind, Ewing selected 
fiom among the malignant tumois of the bone a nonosteogenic tumoi 
with many clearcut clinical featuies, placing it within the lealm of endo- 
thelial tumors, known as endothelial myeloma ® oi diffuse endothelioma 

2 Billroth Untersuchungen uber die Entwicklung der Blutgefasse, Berlin, 

1856 

3 Waldejer Die Entw ickhing der Carcinoine, Virchows Arch f path Amt 
55 67, 1872 

4 Kolazcek, J Ueber das Angiosarkom, Deutsche Ztschr f Chir 9 165, 

1878 

5 Hildebrand Ueber das tubulare Angiosarkom oder Endothehom dcs 
Knochens, Deutsche Ztschr f Chir 31 263, 1891 

6 Ribbert, H , cited by Ewing, J Neoplastic Diseases, ed 3, Philadelphia, 
W B Saunders Company, 1928, p 333 

7 Ribbert H , cited by MacCallum, W G A Textbook of Patholog) 
Philadelphia, W B Saunders Compan>, 1928, p 930 

S Euing, J Endothelial kr 3 eIoma of Bone, Proc New York Path Soc 
24 93, 1924 

9 Ewing J \ Review and Classification of Bone Sarcoma, Arch Surg 
4 485 fVav) 1922 

10 Ewing J Neoplastic Diseases, cd 3, Philadelphia, W B Saunders 
Companv 1928, p 351 
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ot the bone Connoi,“ in a recent study of the hone material with the 
Codman Registr} , supported Ewing in this view, and Kolodii}',^- in a 
similai treatise, agieed with Ewing that the tumor piesents a clearcut 
entity, but he did not feel that the contention that it arises from peri- 
vasculai endothelium was well grounded McCallum,^“ in a moie 
emphatic wa}', placed the burden of proof on the im estigator who desig- 
nates any tumor as endothelial in origin, yet felt that in certain instances 
descriptions of true endotheliomas had been recorded, and he cited such 
instances m his textbook of patholog^ 

At the suggestion of Dr J C Bloodgood, the entire collection of 
tumors of the bone, both benign and malignant, in the Suigical Patholog- 
ical Laboiatory of the Johns Hopkins Hospital (representing, in all, a 
total of over 1,500 cases together with 1,000 cases of diseases ot bone), 
was made the subject of a coinparatne histologic studj Later the 
observations thus obtained were correlated with the clinical data, the 
gloss material and the x-ray pictures For purposes of micioscopic 
analysis, the tumors were studied and classified according to their cellu- 
lai elements, stroma and special areas, the special areas connoting old 
bone, healing bone, hemorrhage, pigment, necrosis, etc Sjmbols were 
given these different elements for the sake of brcMti and from the 
standpoint of standardization in classifying tumors Fiom among the 
cases of malignant tumors of the bone, a series of sixty, vhich vere 
grouped under the name of periosteal round cell sarcoma oi Ewing’s 
endothelial myeloma, were selected for the present analysis The study 
includes thirteen full case leports on patients admitted to the surgical 
serMce of the Johns Hopkins Hospital 

ETIOLOGIC FACTORS 

Ewings sarcoma is essential!) a disease of earh life, 95 per cent 
of the cases in this series occurred in persons between the ages of 
and 25 In this respect, it does not differ from other sarcomas of bone, 
the majoiiL of the cases of which occur in the first two decades ot life 
1 he youngest person whose case was reported in our series was a child 
aged 4J/2, while the oldest was a white woman aged 44 although Connor 
reported a case in a patient aged 60 (fig 1) 

Among the 400 sarcomas of the bone in the Surgical Pathological 
Laborator\ of the Tohns Hopkins Hospital 15 per cent \,ere found 

11 Connor, C L Endothelial Aheloim Erring Arch Surg 12 789 (April) 
1926 

12 Kolodm A Bone Sarcorm Surg Grnec Ohbt 44 126 1927 

13 AHcCalUiin AV G A Textbook ot Pathologr PhiHdcIpIm A\ B 
Snindcr<; Companr 1916 p 928 

14 Codman E A The Xomenchturc L 'cd hr the Register of Bone Sarcoma 

\in T Roentgenol 13 105 1925 
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to be Ewing’s sdicoma Males aft eclccl piedominated ovei females in 
an appioximate ratio of two to one (thirt3'-nine males and twent3f-one 
females) With i elation to coloi, the tuinoi was appaiently lare m all 
races save the Caucasian, onl3' one case in the senes occinied in a negro 
Tiauma was lecoided in twent3'-two cases, although the actual num- 
bei m which it occuiied was piobabl3’^ gieatei, since m man3' instances 
tiauma was not sought foi oi was not lecorded In every case 
in which tiauma was lecoided, the tiauma was definitel3’^ i elated to the 
subsequent onset of the clinical S3'mptoms The average lapse of time 
between the tiauma and the onset of clinical s3mptoms was appioxi- 
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Fig 1 — Age incidence of Ewing’s sarcoma, compared Mith age incidence of 
other malignant lesions of bone 


matel3" five and one half months, the exti ernes being a few da3'S and a 
a eai oi moi e 

In considei ing trauma as an etiologic f actoi , the question alwa3'S 
aiises whcthei the injury was supei imposed on an alieady existent tiimoi 
01 whether it actually w'as the stimulus to pioduction of the malignant 
growth Theie aie some grounds for assuming either conclusion, but 
in our senes the majont3’^ of such injuries lepoited undoubtedly pio- 
ceded the disease 

CLINICAL CIIARACTERISIICS 

Pam — Pain w'as an outstanding s3'inptoin in fiftj"^ cases (S 3 per 
cent) and w’as noted as the first S3Mnptom in tw^entj’^-one cases (35 per 
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cent) In most cases, pain began spontaneous!} , it followed trauma at 
tunes b} a more or less short period, often appearing simultaneous]} 
uith the formation of the tumor 

In tr\ent} cases, pain had been present tor from fire ueeks to seren 
months betore the patient came under obsenation and m nine cases 
it had been present tor from one to two and one halt rears prior to 
clinical obsei ration 

rvide variation in the sereritr ot the initial pain rras apparent m 
some cases it rvas ci amplike rvhile in others it rr as either a sharp shoot- 
ing pain or an aching only on motion Most frequendr the pain rras 
intermittent, lasting for from a ferv hours to sereral da}s, subsiding at 
intervals, onl} to recur rvith increasing ser erit} The interr als betrr een 
the attacks of pain became shorter in duration until a constanc} of 
discomfort rras noted b} the patient, the pain at certain times being 
accentuated Nocturnal pain rras the most severe, m man} cases A 
pain concomitant rrith the appearance of tumor rras not an unusual 
observation, remaining constant until spontaneous regression ot the 
tumor occurred or until some operatir e interr'^ention rr as resorted to 

The characteristic course of the pain mav be summed up as follorr s 

Stage 1 Tenderness or soreness follorr ing trauma or arising spon- 
taneously on motion 

Stage 2 Intermittent pain of a dull, aching or sharp shooting char- 
acter, lasting from a ferv hours to sereral dars 

Stage 3 Periods of freedom from pain 

Stage 4 Continuous pain either of a dull aching or sharp shooting 
nature appealing rvith progression in the size of the tumor or spontane- 
ouslr and subsiding after regression in the size of the tumor or after 
operative or x-rar treatment 

In almost erer} case in rrhich sufficient data rvere arailable trro or 
more of these stages rvere noted 

Tnmoi — In 56 cases (90 per cent) a mass could be palpated and 
in 19 per cent of the cases a srvelling rras complained of as the initial 
svmptom The average duration of the formation of the tumor, as 
obsei red chnicallr or br the patient himself rras thirteen and one-halt 
months the periods ranging from three months to trro rears One 
exception to the peiiod ot tumor formation mentioned is ot interest 
namelr a case under obserration in rrliich there rras a historr ot tumor 
extending orer a period ot seren rears the tumor showing manr 
regiessions and recurrences prior to the patients admission to the 
hospital 

In onlr trro cases rras tumor the onlr manitestation ot the disease 
In the majoritr of the cases trauma pain and tumor or pain and tumor 
rveic the sriidrome In manr cases the tumor rras preceded br pain 
01 trauma foi a pciiod ranging Irom trro months to one rear 
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The tumoi masses vaiiecl fiom small localized swellings to laige 
fusifoim masses extending along almost the entire length of the affected 
bone Theie were A'asomotoi changes about the giowth, in many cases 
The soft paits about the tumor m most cases weie freely movable, but 
often Aveie edematous, while in othei cases there was only dilata- 
tion of the peiipheial veins ovei the tumoi without any disturbance of 
the fluid exchange in the tissues In manv instances theie Avas a local 
elevation of the tempeiatuie oA^er the tumor mass 

On palpation, the majoiity of the tumors piesented an induiated 
swelling Avith a suiface langmg fiom lough and iiiegulai to smooth, 
and totall}^ immobile, appaientl)' continuous with the bone Fluctuation 
of the tumoi s was not noted, though theie Aveie A'aiying degiees of 
resilience all being less haul than bone Manv of the tumoi s Aveie 
tender on palpation 

T \nr r 1 — Bone Im'ok’cinenl 
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* Ilium four eases and one e iso undetcnnincci 

A peculiai featuie m some of the tumors Avas then tendency to 
spontaneously decrease m size, Avith a sudden cessation of pain, and thus 
to disappeai and leappeai until some lemedial tieatment was instituted 
Pei haps the Availability in the size of the tumor at vaiious times had to 
do Avith hemoiihage and the absoiption of hemorihage 

The bones most fiequently inA'olved weie those of the long pipe bone 
class (table 1), although in a few instances the ilium, scapula, clavicle, 
skull and bones of the feet were aflfected (fig 2) In no case Avas the 
jiiimaiA location of the tumoi on othei than the shaft side of the bone, 
Avdieie the long bones weie involved No piedilection of the tumor for 
the light side or the left side of the body was noted, twenty-two 
cases occuiied on the left side and twenty-thiee on the light side of the 
bodA Those bones that aie most readily subjected to tiauma Avere the 
ones most frequenth affected, i e , the femui tibia, humerus fibula and 
pehis tlie tibia leading the list AAith an inAvohement in fifteen cases of 
this senes 
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Fiactiac — Pathologic fracture is ot relatnel} rare occurrence in 
Ewing’s sarcoma It was noted in onh three cases of tins series, or 5 
per cent These fractures were ot the femur, two occurnng in the 
upper shatt and one m the lower shaft Of all the malignant tumors 
ot the bone Ew ing s sarcoma presents the minimal number ot cases 
complicated hr pathologic fracture As was pointed out hr the 
authors recenth, multiple mreloma heads the list ot malignant tumors 
of bone in this respect w ith pathologic fractures in 62 per cent Other 



Fig 2 — Incidence of Ewings sarcoma according to skeletal location The 
solid black areas indicate the most frequent sites the checked areas the common 
sites , the diagonal lines, the occasional sites and the dotted area-- rare sites The 
areas in white were not iiwoKed b\ tumor m this sene' 

bone tumors similarh affected b\ fracture are in the order ot fre- 
quency bone casts 45 per cent, giant cell tumor 14 per cent and 
general sarcoma ot bone 8 per cent The low frequenca ot 

15 Ge-chicktcr C F and Copeland M M Multiple Maeloma \rch Surg 
IG 807 ( -kpril) 1928 O-tciti' Fibro-a and Giant Cell Tumor ibid 19 I'S! ana 
201 ( 'me 1 1929 
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pathologic fiactuie in lotind cell saicoina is against the current 
opinion that this tumoi is a piimaiil}'^ bone-clesti uctive neoplasm, 
although pain of the affected part (due to weight beaiing) ma},,in 
some instances, have saved the limb fiom this complication 

Constitutional Reaction — The consideiation of fevei was handi- 
capped by the spaisity of mfoimation m man}^ of the case histones , onl} 
those aie included heie m which the tempeiature was lecoided , in all, 28 
lepoits The lange of the elevation of temperature was between 99 and 
104 F, the aveiage being 100 These elevations of temperatuie weie 
more commonl}^ obseived late in the disease, aftei metastases had 
occurred, but fevei was noted eail}^ in the clinical couise in 30 pei cent 
of the cases Associated with this fevei, m many cases, was a slight 
albuminuria and the inesence of a few white and led blood cells in the 
urine Though a seaich foi Bence-Jones bodies was apparently not a 
loutine piocedure, in the cases in which the test foi these bodies was 
earned out, they weie not found m a single instance 

In cases in which the blood was examined in detail, the i^ictme 
langed fiom that of the noimal type to that of a secondaiy anemia and 
from that of lelative leukopenia to that of maiked leukocytosis Of 
thnty-one cases m which complete blood counts weie made, five piesented 
led cell counts of 5,000,000 oi moie and an equal numbei, led cell counts 
of 4,000,000 01 moie The lemainmg twenty-one cases showed led cell 
counts laiiging between 2 900,000 and 3 900 000 No case showed 
anemia of the piimaiy type with high coloi index oi seveie secondan 
anemia The hemoglobin m these cases langed between 40 and 90 pei 
cent, m thnteen it was fiom 80 to 90 pei cent, and in eighteen it was 
from 40 to 79 pei cent 

The white cell counts piesented no pecuhaiity Of thnty-one cases 
in which the white cell count was lecoided, eight had counts within 
noimal limits, twentv had counts of moie than 10,000 and thiee ot 
more than 20,000, the aveiage being 15 200 Theie weie no unusual 
features in the difiterential counts, save foi an occasional eosinophiiia 
ranging from 4 to 20 pei cent in a count of 100 cells The polymoipho- 
nucleai cells larel} showed an inciease beyond 70 pei cent of the total 
count, though, m one case, thej'^ piesented an absolute inciease ni 
numbei to 95 pei cent Myelocvtes weie not noted noi aii}' inciease 
in tlie numbei of tlie mononucleai elements Leukocytosis was not 
lestiicted to cases A\ith metastases, but was often an initial obseivation 
caih in the course of the disease 

Of peculiar interest is the gieat vaiiabihtv in the nutiition of the 
patients suffering from Ewing’s saicoma In some cases in the senes 
a noticeable loss of weiglit ovei a lelativelv short peiiod of time was 
nbscried earh m the course of the disease while in other cases httic 
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or no eMdence ot undernutrition ^\as seen until the end ot the clinical 
course The terminal phases ot the disease, ho^^ever, re\ealed a pro- 
gressive emaciation m most ot the cases observed 

Internal metastases usualh presented themsehes chmcalh late m the 
disease In man's cases, there as pulmonarj in\ olvement ■s^ ith pains in 
the chest, hemopt}sis and other clinical manitestations of pulmonars 
disease In no case ivere there primar} changes of the lungs due to 
changes m body stance, as often occurs in multiple myeloma, because in 
the cases of Euing’s sarcoma the progress of tlie disease uas usualh 



Fig 3 — 4 IS a roentgenogram of a tibia made six months after the onset of 
s\mptoms It shows a slight shadow in the midshaft region of the bone and a 
slight widening of the cortex, with little if an\ periosteal reaction B was made 
ele\en dais later It shows increased densitj of the tumor shadow and a definite 
periosteal reaction The normal tibia is included m B for contrast 

too lapid and aertebral metastases when the% occurred were terminal 
In one patient showing choked disks and retinitis, blindness de\ eloped 
but this was due to metastatic imohement of the cranial aault with 
piotrusion into the cranial caaita rather than to direct iinoheinent of 
the brain substance Xot infrequenth witli metastatic inaohement of 
the skull and aertebrae eMdence of motor irritation either of the spinal 
cold or of the cerebral cortex was expressed in the form of spastic 
cxtreniitic"^ 
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Local changes about the tuinoi wcie not uncommon, such as dilata- 
tion of the veins, hypeiemia of the affected pait oi edema immediately 
sui rounding the aiea of tumoi Sometimes the entiie limb below the 
site of the lesion was swollen 


ROCNTGEN-RAV 


STUDIES 


Ewing’s saicoma, as seen by the x-iay, is most often diituse and sit- 
uated near the midshaft legion of a long bone The eailiei stages of the 
lesion piesent the more difficult diagnosis, and the difficulty is enhanced 
by the variability m the appeal ance of the bones affected and infiltrated 
by the tumoi In one case of this senes (fig 3 A) an x-rav pictuie 



Fig 4 — E\i mg’s sarcoma m an earJy stage There is reJativelj’' little medullary 
involvement, a slight expansion of the shaft and thickening of the cortex There 
is a periosteal reaction, looking somewhat like onion peel 

was made six months aftei the onset of symptoms When studied, it 
levealed a slight shadow m the midshaft region of the bone and a 
widened but apparently well pieseived cortex, with little or no periosteal 
reaction An x-ray pictuie (fig 3 B) made eleven days later revealed 
a fully developed Ewing’s sarcoma, with inci eased density of the tumor 
shadow and definite periosteal leaction 

X-rav pictures were available for study by the authois in twenty-six 
cases in this series Of this number six lepresented early stages which 
showed rclatu eh little medullarv involvement the duration of s)miptoms 
haMng been from two to se\en months (fig 4) The roentgenograms m 
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these SIX cdses showed a slight expansion ot the shatt with a periosteal 
leaction looking somewhat like onion peel The cortex ot the shaft 
appeared thickened with some mottling in the region ot the medullar} 
cant}, due to areas ot increased densit} The roentgenograms in the 
other twent} cases made later in the course ot the disease showed a 
considerable part ot the shaft affected, apparenth the tumor extenaed 
more readih in a plane parallel to the axis ot the bone In the areas thus 
affected the medullar} caritr often show»ed osteoporosis and the cortex 
of the bone eridence ot destruction (fig 5) In all ot the cases in this 
group, there were ran mg degrees ot periosteal reaction besides imasion 



Figure 5 Figure 6 

Fig 5 — EiMiig s sircoim iniohing the shaft of a lemur (no 27511, tables 
2 and 5) One ina\ obserie the metaphjseal location ot the tumor and the 
predominant destruction of bone Such destruction as an outstanding teature 
was found late in the disease m the majorita of the cases 

Fig 6 — A. roentgenogram of Ewings sarcoma showing O'-teoplntcs at right 
angles to the cortex, together with a thickening ot the cortical bont This reaction 
IS metaphiseal and diaplnseal (no 22795 table 5) 

of the mariow caritr but the increased densitr ot the lione m the region 
ot the widened cortex was the most characteristic eridenee ot infiltration 
b\ the tumor • 

Osteoplntes arranged irregularK or at right angles to the cortex 
(fig 6) appealed in the pictures occasionalK \n ime^tigation into 
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the natuie of these osteoi^hytes is of interest and will be piesented later 
m some detail Suffice it here to that the perpendiculai spicules of 
bone in Ewing’s saicoma aie a normal tj'pe of bone foimation brought 
about b}^ a disturbance in the i elation of the peiiosteum to the cortex 
In only two cases did the i oentgenogi am leveal a suggestive involve- 
ment of the epiph)'^sis (fig 7), and in these cases the epiphyses weie 
subsequently proved to be only secondaiily invaded, the original tumor 
having aiisen in the shaft of the bone When the tumor had invaded 
the muscles, the soft pait shadow ivas often well ciicumscribed 



Fig 7 — Involvement of the epiphysis by Ewing’s sarcoma This was sub- 
sequenth noted to be a secondary invasion, the original tumor having arisen m 
the shaft of the bone Osteophytes may be seen arranged perpendicularlj to the 
cortex, with considerable destruction of cortical bone 

The loentgen-iay obseivations may be summaiized by saying that 
Ewing’s saicoma expands the shaft of long bones by a diffuse infiltia- 
tion, which results in a widening and increased density of the cortex 
and a mottling of the mariow cavity Both formation of new bone and 
destruction of bone are secondary to infiltration of bone by tumor In 
the earh stage, formation of bone predominates, giving rise eventually 
to eithei paiallcl or radiating spicules of new reactive bone In the later 
stages destruction of bone, both medullary and coitical, characterizes 
the x-ra\ picture 
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The x-ra} studies do not support the view tliat Ewing s tumor is 
primaril} a neoplasm destructne of bone, for in six of seien early cases 
the first evidence of infiltration bj' tlie tumor was an increase in the 
densit} of the bone The tjpical contour of the imolved area m tlie 
bone IS also against the current conception of the medullar} origin of 



Fig 8 — A gross specimen in longitudinal section showing the pnnnn iniohe- 
nieiit of the shaft with a secondan in\asion of the epiphtsis The bulk of the 
tumor IS beneath the periosteum and outside the cortical region The tumor 
appears to be well encapsulated (no 26916, tables 2 and 4) 

this neoplasm Medullart tumors should show an approximateh spher- 
ical shape m the x-raa picture, because their expansion is unhindered in 
three and iisualh four directions In contrast to this the area infiltrated 
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by the Ewing tumoi is geneially elhjitical, with its long axis parallel 
to the shaft of the bone, indicating that the growth is lesisted in the two 
opposite diiections // 

GROSS OBSERVATIONS 

An analysis of the pathologic changes in Ewing’s tumor made from 
gloss specimens of bones containing the tumoi aided materially in the 
interpi etation of the x-iay pictures The location was usually the shaft 



Fig 9 — A gross specimen of a iuinierus in longitudinal section The widened 
cortex described m the x-ray picture is shown, in the gross specimen, to be made 
up of subperiosteal and endosteal formation of new bone, which encroaches on 
the medullar\ space (no 37472, table 4) 

ol a long Ijonc, and the /one of involvement extended fiom the nndshaft 
legion to the cpiph\ sis the epiphysis being secondarily involved (fig 8) 
ni but thiec instances Regaidless of the site of origin of the tumor, 
all the gross specimens with one exception showed the bulk of the tumor 
King siibpenostcallv (fig 8) The medullary cavity sometimes con- 
tained a small poition of the tumor, but usually this region was con- 
stricted or tntalh occluded b\ new reactn e bone (fig 9) The wadened 
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cortex described in the x-ra} pictures as shoi\ n in the gross speamens 
to be made up of subperiosteal and endosteal tormation of new bone 
which encroached on the medullar} space and frequentl} sealed it off 
from imasion bv the tumor 



Fig 10 — \ photomicrogriph showing the periosteum with its subperiosteal !a\er 
lorming spicules ot reactue bone peripheral to the inaasion b^ tumor One mas 
note osteoblasts about the spicules of bone These spicules constitute the right 
angle formations of bone seen in the x-ra\ pictures (no 34005 table 5) 

Mtliough in one case the shatt of the bone surrounded b\ tumor was 
almost destroaed m the maionta ot the specimens destruction of 
bone was not a prominent feature The tumor m its earh stages appeared 
to infiltrate rathei than to de-troa bone, and the bone thus infiltrated 
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leacted vigoiously with foimatioii of new bone But the bone subse- 
quently did undergo destruction when sui rounded and infiltrated bv 
the tumoi, appaiently as the lesult of intenuption of the blood supply 
where the tumoi had invaded and blocked the Volkinann and haveisian 
canals 



Fig 11 — A photomicrograph of a cross-section, from the humerus of a human 
embr 3 o 90 mm long One mav note the enclosure of vessels bj osteoid tissue in 
the cortical region The vessels remain as units in the future haversian systems 
Tile cartilage m the center of the bone is being gradually destrojed and replaced 
b\ marrow elements 


\\ hen the invohement of the bone was diffuse, the subpeiiosteal 
formation of new bone was both parallel and at right angles to the 
cortex (fig 3) .\s was pointed out by Buerger m a case of “disso- 

10 Buerger L Bone Sarcoma Surg G\nec Obst 9 441, 1909, Furtlicr 
Stiidic- ot Sarcoma of Bone \m J Af Sc 140 3S5 1910 
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lutne” sarcoma, this normal formation of new bone was fairh striking 
in Aarious parts of the tumor The origin of this bone is explained 
by the mode of advance of the tumor Due to the grov tli of the tumor 
and subsequent hemorrhage, there is a gradual separation of the peri- 
osteum from the underlying cortex The parallel deposits of nev bone 
appear to be the result of proliferation of the peripheral larer ot the 



Fig 12 — High magnification of a cross-section ot the humerus irom a human 
fetus 2 months old It shows the imasion of the osteoid rim and endochondrmm 
b% a -vessel bud from the fetal periosteum preceded bv a giant cell A'olkmann’s 
canals are formed about these periosteal vessels and blended with the haversian 
sv stems at a later stage 

cortex when the periosteum has suffered minute separation troiii the 
bone This gives the onion peel-hke torniation characteristic m x-rav 
pictures ot the earh stages With increased separation of the perios- 
teum spicules ot new bone trom the subperiosteal region are laid down 
at light angles to the shaft rather than parallel (fig 10) \\ c agree 

with Ribbert that this is due to the blood vessels perioratinir \'olkmann s 
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canals/' which deteimine the chiection of the new growth of bone when 
they aie pulled outwaid in maintaining their continuity after the peri- 
osteum has been elevated The two types of foimation of bone, paiallel 
and radiating, duplicate the piocess observed in the embiyo The bone 
laid down paiallel to the shaft is the first to appeal in the tumor and also 
in the embiyo In the first two months of life, osteoblasts about bud- 
ding vessels lay down osteoid tissue paiallel to these channels, and form 



Fig 13 — A longitudinal section of a fibula showing involvement bj the tumor 
C\ sts maj be seen at the periphery of the tumor, filled with a dark, pigmented, 
jclh-like material The bulk of the tumor is subperiosteal in location (no 34422, 
tables 2 and 5) 

the innei part of the future cortex, the vessels lemaimng as units m tne 
fiituie hat ei Sian s)stem (fig 11) 

'Mtout the second month of embryonic life, this thin osteoid nm of 
bone IS peif orated by vessels from the fetal periosteum^'’ piececled by 
giant cells (fig 12) The reformation of bone about these peiiosteal 

17 Stohr P Textbook of Histolog\, Philadelphia P Blakiston’s Son &. 
Compani, 1903 p 151 
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vessels forms the Volkmaiin s canals seen in the mature hone vhich 
unite the periosteal blood supph m ith the hai ersian a essels This detei - 
mination of the pattern of the bone b\ lessel units tipical ot the 
embr}^ is not lost in adulthood 

The soft part tumor formation was usualh encapsulated hi a thin 
laiei of fibrous tissue ivhich at its maigin was continuous with the 



Fig 14 — A. photomicrognph showing the chanctenstic cell ot Ewings sarcoma 
One nia\ note the indistinct citoplasni and the round and o\al nuclei (no 27039, 
table 4) 


periosteum The tumor tissue itselt, enclosed hi this capsule was firm 
and grai isli-w lute and w as dn ided into characteristic lobules hi a num- 
ber of connectne tissue strands extending from the outer capsule to the 
legion of the cortical bone Occasionalh the tumor substance showed 
CASts (fig 13) at the periphera of the tumor, filled with a dark 

IS Eisimr E H Bone Formation in O'tcogcmc Sarcoma \rch Sure. 12 
S67 ( \prin l')26 
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l^igmented, jelly-like mateiial These cysts weie clue to hemoiihage oi 
legiessive changes, foi many of the specimens showed soft neciotic 
aieas honeycombing then stiuctme 

MICROSCOPIC OBSERVATIONS 

The data at hand indicate that the microscopic charactei istics of 
Ewing’s tumoi aie among the most umfoim chaiacteiistics of the dis- 



Fig 15 — A pliotoniicrograpli showing the uniformity in the size of the cells 
In the less comp ict region, tlie definite but irregular outline of the cytophsin 
mn be noted (no 24667, tables 2 and 4) , a septum is seen traversing the tumor 
substance 

case, and thus ate a most important aid to the clinician oi the stiigeon 
in making tlic diagnosis Examination of sections from these ttiinois 
without consideiation of special areas, which will be consideied later, 
ic\caled a moie or less constant cellular picture The type of cell m 
the compact aieas w'as small and pohhedral with a loiincl or oval nucleus 
(fig 14) The ectoplasm waas scanty and practically stainless 

In less compact legions, the cells show'cd a C 3 loplasm with a inoie 
definite outline which surrounded the nucleus with a pale eosm-staming 
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substance, the peiiphen ot ^\hlch was iriegular (fig 15) The cells 
were at times so close!} packed that the shape ot the mdnidual cell was 
altered The nucleus was deeph stained showing a definite limiting 
membrane and a sparse scattering ot chromatin granules iMthout am 
definite arrangement Nucleoli weie rareh seen, but mitotic figures 
weie noted not intrequenth The diameters of the nuclei ranged from 
7 to 9 microns Little pleomorphism w'as obserred and multmucleated 
cells of tumor origin were not noted Not infrequentl} , howerer 
osteoclasts w^ere located m the region of dead bone or a slight distance 
from the bonv tissue in the midst of tumor cells 



Fig 16 — The formatiou of septums in Ewings sarcoma gning it an aheolar 
arrangement (no 24667, tables 2 and 4) 

There appeared to be no intei cellular stroma, but a fibrous trabecula- 
tion with a In alme-stainmg intercellular substance dnided the tumor 
tissue into lobules where it infiltrated the soft parts These septum foi- 
mations otten gaae the tumor an aheolar arrangement (fig 16) 

Vasciilant} was a variable feature of these tumors, m some it was 
maiked (fig 17) In certain sections taken through areas of bone 
ha^erslan canals occupied b\ blood -vessels were secondanh infiltrated 
bv tumor cells (fig IS) In these localities the tumor cells were some- 
times within and sometimes without the aessel walls Phenomena of 
this character hare been cited b\ some authors as eridence of the seat 
ot origin of Ewings sarcoma We are inclined to the belief howerer 
that 111 most of these instances tumor cells were trarer'-mg the harersian 
srstem following the path ot least resistance in their nnasion of bone 
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Areas ot osteitis fibiosa/® eithei subpeiiosteal oi endosteal in origin, 
were seen wheie the tumoi was invading bone Here osteoid spicules 
were found, suriounded by osteoblasts and fibious tissue (fig 19), the 
new bone thus foimed being typical of the piocess desciibed by us 
as occuinng in bone cj'sts and giant cell tumors This reaction, we 
believe, is an attempt by the bone to heal itself, in a mannei often noted 
m fiactures, by a metaplasia of fibi oblasts to osteoblasts and to osteoid 
tissue 



Fig 17 — A photomicrograph showing blood vessels surrounded by tumor and 
the infiltration of tumor bj hemorrhage One ma\ note the marked difference 
between the tumor cells and the cellular elements comprising the blood vessels 
(no 35654, table 5) 

In some sections, islands of tumoi cells with a blood vessel at the 
ctntei were surrounded b} areas of necrosis, the blood supply apparently 
being inadequate for more than the tumor cells immediately sui rounding 
the \essel Such necrotic areas ivere referred to by Kolodny as hydropic 
degeneration ot tumor cells and In other authois as a penthelioniatous 
structure 
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The peiiphei-\ of the tumoi in maii}’^ cases was infiltrated b} cells 
ot the pohmoiphonuclear or moiioc\tic tjpes This infiltration by 
lound cells -was most common in the cases of longer duration or in those 
in which the tumor had previously been explored, and not infrequenth 
had led to an erroneous diagnosis of osteomyelitis at biopsv Eosino- 
phils were frequently obsen'ed along rvith the round cell infiltration, 
both of these processes indicating, in all probabilit), a response to 
chronic irritation An infiltration by plasma-like cells was noted m onh 



Fig 18 — Note the imasion of ha-versian canals bj tumor The tumor is 
extending along the lessel in one ha\ersian canal, \\hile other canals are com- 
pleteh filled with tumor cells 

nine cases ot the series This, possibh, had no special relation to the 
tumor, as sections of normal bone sometimes show such cells On find- 
ing these cells, certain authors hare suggested a relation between this 
tumor and multiple mreloma 

A peculiar trpe of cell about the same swe as the Ewing sarcoma cell 
was often obserred m these tumors It contained a small deeph- 
staining nucleus eccentricalK placed and a clear eosin-staining c\to- 
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plasm The locality in which these cells were found i elated them to the 
haversian canals, and in such conditions as bursitis we noted them pro- 
lifeiatmg about the blood vessels in the haversian systems 


DISSEMINATION AND METASTASES 


Tiue to the nature of malignant disease, dissemination lias occurred 
in ever}- case of the senes which to the time of writing has terminated in 
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Fig 19 — A photomicrograph showing osteitis fibrosa surrounding the invading 
tumor The osteoid spicules are surrounded by osteoblasts and fibrous tissue 
(no 15745, table 5) This osteoid reaction represents the reparative nature of 
all bone, no matter what the source of the mjur> 

death The extent of metastases has been most difficult to localize 
because of the insufficient data included in many of the case leports, 
neciopsv having been relativ'el}’’ laie in the series Only those cases m 
which definite proof of metastases was obtained either b} x-ra}, biopsy 
or nccropsv are included here, though death in eveiy case w'as said to 
have been from tumor 
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The most liequent sites ot metastases i\ere the lungs the hmph 
glands and the skull (see table 2 and fig 20) The most unique teature 
m the dissemination ■s\as the predilection o£ the secondary gro\\ths tor 
other bones Although some obsen ers r ie\\ this dissemination to other 
bones as proot that the tumor is primarih a multiple disease ot the 
skeleton m our series it iras nearh alwars possible to obtain a definite 
latent period ot tiom two and a half months to a rear between the initial 
appearance ot the tumor m a single bone and its inrohement of other 
bones 

T\bie 2 — Primal \ Lesions loitli i^lctastascs 


Patient* 

Original 

Duration of 
Symptoms at 
Time of First 


Duration of 
Life Following 

(Surg Path 

Location of 

Ob erration 

Location of 

Treatment 

Lab ^o ) 

Tumor 

Jfonths 

Metastases 

Months 

40330 

Tibia, lower shaft 

4 

Skull femurs lung« 

(Livang after o mo 1 

34422 

Tibia upper shaft 

4 

humen scapulae 
iDterual organs 

oP 

34a44 

Femur lower shaft 

5 

Humerus 

20 

32023 

Radiu« lower shaft 

5 

Lungs 

17 

3U73 

Pibula 


IrUngS 

lt> 

30&44 

Tibia lower shaft 

7 

Scapula clavicle 

5 

30755 

Fibula upper shaft 

y 

Lniigs 

10 

29054 

Tibia midshaft 


Sk-uli 


2SS35 

Femur lower shaft 

4^2 

Lungs 


2S774 

Ilium 

5 

Skull 

(Died at operation) 

2S600 

Humerus upper shaft 

1'4 

Lungs 

15 

2S354 

Fibula upper shaft 

7 

Lungs ribs skull 


27511 

Femur lower shaft 

6 

Lung- skull spine 

5 

26910 

Femur 

11 

Ribs 2 vertebra l 

12 

26597 

Os calc IS 

24 

thrombosis iliac vein 
Lungs 

6 

23900 

Scapula 

24 

Gland' spine 

14 

25430 

Fibula midsbaft 

12 

Glands 

lb 

24607 

Femur upper shaft 

14 

Spine 

lb 

15921 

13439 

Pelvis 

Humerus mid-haft 

5 

Glands 

Glands 

14 

10537 

Tibia upper shaft 

6 

Skull 

9 

5172 

tibia upper shaft 


Skull glands 


4392 

Humeru*: upper «liaft 

3 

Glands internal org in 

5 0 

3009 

Femur upper shaft 

3i> 

Internal organs 

9 

1207 

iibn upper shift 

9 

^e^tebrat 

04 

Humerus upper shaft 

o 

Gland* internal organ 

c 5 


Ihc e p itieat'* T crt p^o^ cd to e I e* b\ \m biop5\ or i]tcrop':\ 


The bones most trequentl} imohed b\ metastases were the skull, 
the spine and the scapula or the claricle altliough dissemination to the 
long pipe bones also occurred This is well illustrated b> the case of a 
W'hite bor aged 14, examined in this clinic and later operated on in a 
neighboring citr This patient, although still aln e at the time ot w riting, 
has extensne metastases to the skull, the temora the humeri and the 
scapulae The lungs are imohed, and he has also become blind the 
left ere protruding markedlr from its socket \Mien he rras first 
obserred onlr the tibia rras affected 

Enlargement of the Ir-mph nodes rras reported in fitteen cases and 
in seren cases inrolreinent of the glands rras prorcd br microscopic 
examination The lungs rrere demonstrated to be the seat of meta«tases 
in thirteen instances in mam others pulmonarr inrolreinent rras eri- 
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dencecl b} hemopt3ses pain in the chest oi a high teiminal fevei In 
foui cases, metastases to internal oigans weie noted without lefeience 
to the specific oigans involved 

In the clinical pictuie of Ewing’s tumoi, the involvement of a single 
bone eaily in the disease with latei dissemination of the neoplasm to 
othei bones constitutes a unique and impoitant featuie setting this tumoi 
apait fiom othei tumoi s of the bone In contiast to multiple mye- 
loma 01 chloioma, it is unusual foi the patient to piesent himself for 
examination with moi e than one bone involved , and in such a case, a 
single focus usually piedommates in size, as well as m duration of 
gi owth 



Fig 20 — Sites of metastases in cases of Ewing’s sarcoma The column to the 
left shows the number of cases 


CLINICAL COURSE 

In 01 del to coii elate the eail}'^ clinical obseivations with the subse- 
quent couise of the disease, a biief tuin will be made in suivey of the 
more chat actei istic featuies of Ewing’s saicoma, emphasizing the typical 
couise of the disease 

At the onset of Ewing’s tumoi most often theie is tenderness oi 
soicncss of the affected pait followed by pain of eithei a dull aching 
or a shatp shooting quality The patient’s attention is fiist called to 
the malad}' bv tiauma, spontaneous pain oi pain with foiination of 
tumoi 

From this initial phase, the patients pass on to a period marked b}' 
more continuous pain and often the nocturnal pain mav be the most 
sc^crc Ihe intcr\als of freedom fiom such attacks of pain become 
less and less In main instances, the tumoi s have a tendenev to regress 
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for a time leading the patients to think that a cure has been effected 
onh to recur again, becoming larger in size and accompanied ith more 
sei ere pain 

The tonnation of the tumor is often accompanied b\ some consti- 
tutional reaction, expressed m an eleration ot temperature to 100 F 
on the a%erage and uith localized redness and suelhng of the subcuta- 
neous tissue or ddatation of the peripheral reins 



Fig 21 — A. case of Ewings sarcoma in the femur which is not unlike the 
earh stage of inflammator\ disease of bone 

On examination a tumor is ustialh palpated which raries from a 
small localized swelling in some cases to a large fusiform mass in others 
and which is apparenth continuous with the sheath of the bone The 
soft parts orer the tumor in most cases are freeh morable although 
the\ mar be somerrhat edematous and inflamed The majontr ot the 
cases presented an indurated mass not howerer ot bom densitr rrith 
occasional slight crepitus due to the osteophrtes in the tumor ot the soit 
parts 
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The x-iay examination usually leveals a dififuse lesion on the shaft 
side of a long bone The involved region is widened by periosteal and 
endosteal formation of new bone, and theie may be consideiable sub- 
periosteal tumor The mariow cavit}'^ is either narrowed or mottled by 
reactive bone, and occasionally one sees m a subpeiiosteal tumor spicules 
of new bone at light angles to the cortex, although the usual picture is 
a laminated foimation of bone extending along the shaft in parallel 



Fig 22 — Pjogenic osteom^ehtls involving the lower end of a tibia The 
iinolucrum is distinct and the shagg^ periostitis is a noteworthy diagnostic point 


tashion In no case is the epiph}sis piimarily involved, although in late 
lesions it ma} be secondarily affected, with evidence in the shaft above 
ot destruction of bone in the medullary and cortical regions 

The red cell count ranges trom a normal count to that of a moderate 
sccondar\ anemia with or without leukocytosis The average leukocyte 
count i^ 15 000 'J he diffeicntial count, in the majorit}' of instances, 
Is within normal limits 
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In man\ cases the patient gnes a histon ot normal actnitr for a 
}ear or more betore being confined to bed Pathologic fracture is 
extremeh rare It in as noted onh three times m this stud\ 

In b\o thirds of the cases the course ot the patient’s health was 
downward although temporar\ relief was obtained b^ operatue proce- 



Fig 23 — A low -power photomicrograph showing osteom\e!itis oi bone with 
"1 healing bone reaction surrounding fibrous tissue -^n x-ra\ picture oi the same 
case IS show n in figure 24 

dines The iisinl termination is with metastases but the time of their 
appearance is difficult to determine accurateh because oi tlic paiicin oi 
clinical data coa ering tins point 

Loss of weight and secondara groaaths in other liones otten in the 
skull and the spine are irequentla seen late in the disease aaith an occa- 
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sionaF i^aiaiDlegia Hemoptyses, thoiacic pain and fevei aie teinnnal 
manifestations In eight cases in this senes life was gieatly piolonged 
and ail apjiaient cine effected by ladical opeiation and n radiation, the 
length of life, at the time of wilting, having been fiom twenty months 
to nine yeais after opeiation 


/ 



Fig 24 — Chronic sclerosing osteomyelitis There is a periosteal reaction above 
tlie inctaplnsis As nothing in the historj helped toward a diagnosis, an explora- 
tion was necessari to rule out sarcoma A photomicrograph is shown in figure 23 


DirrCRCMTIAL DIAGNOSIS 

Alain patients with disease of the bone are now coming undei obser- 
\ation at a relatneh early stage of their disease, thus making the differ- 
ential diagnosis, especially b\ x-raj more difficult and more important 
A. careful sunet of the clinical history with ever}^ available laboratory 
procedure is often necessan to differentiate Ewing’s saicoma from other 
lesions ot bone 
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Among the main diagnoses first made and later reMsed in cases of 
Ewing’s tumor filed m the Surgical Pathological Laborator} it is inter- 
esting to note that the diagnosis of infiammator} disease ot the bone 
predominates A priman diagnosis of pyogenic periostitis or osteo- 
111} ehtis was made m ten cases, tuberculosis of the bone in nine cases 
s} phihtic periostitis or osteomj ehtis m six cases and t} phoid osteo- 
mjelitis in one case, thus showing the frequency with nhich Euing’s 
tumoi IS contused nith chronic inflammation ot the bone 



Fig 25 — A. tuberculous humerus showing marked destruction in the epiplnseal 
end of the bone, with invohement of the joint 


Often the intermittent pain, in mam cases follmving trauma in other 
cases occurring spontaneoush wnth some constitutional response, makes 
for a diagnosis of osteomyelitis The roentgenogram mat not be unlike 
that of infiammator} disease of the bone (fig 21 ), and the biopst mat 
further substantiate the diagnosis, the surgeon not hating gone deep 

19 Bloodgood T C -V. Brief Summart ot Benign and Malignant Lesions ol 
Bone Southeni M T 19 541 1926 

20 Kiiaggs, R L The Inflammatort and Toxic Di'-ea'-cs ol Bone Xew ork 
William A ood & Compant 1^26 p 57 

21 Bloodgood T C DifTerential Diagnosis ot Periosteal Le'ions Radiologt 
3 452 1924 




282 


ARCHIVES or SURGERY 


enough to i each intact tumoi cells but having removed only a peripheral 
poition of the tumoi infiltiated with mononucleai cells and some fibrous 
tissue 

Ewing’s sarcoma is moie often confused with subacute and chronic 
pyogenic osteomyelitis than with the acute form As was pointed out 
by Starr, the acute foim of osteomyelitis, in the majority of instances, 
occuis between the ages of 2 and 10, and because of its sudden onset 
with malaise, nausea, high fever, rigors, localized boring pain and a 
leukocyte count of from 25,000 to 30,000, should not often be confused 
with Ewing’s tumoi, especially when a primary focus of infection can 
be demonstiated 

The chronic forms of osteomyelitis commonly show suppuration, 
except sclerosing osteomyelitis (Gane’s type), which shows suppura- 
tion in about 10 per cent of the cases , whereas Ewing’s sarcoma shows 
this only in the extreme case or after a previous opeiation In the roent- 





Fig 26 — A sjphihtic lesion m the shaft of an ulna There is considerable 
formation of bone beneath the periosteum Osteophjtes extend at right angles 
to the cortex inwardly from the periosteal region Similar reactions are seen in 
malignant tumors of bone 

genogiam of osteomyelitis an involucrum is commonly seen, but piac- 
tically never appeals in the i oentgenogram of Ewing’s tumor This, 
together with the usual shaggy periostitis and varying degrees of definite 
destruction of bone (fig 22), is a noteworthy diagnostic point in chronic 
osteom) elitis Biopsy shows the characteristic infected tissue with 
healing bone surrounding a fibrous zone (figs 23 and 24) 

Tuberculosis of the bone,-"* in*contradistinction to Ewing’s sarcoma, 
is most frequent about the upper part of the femur, though it often 

22 Starr Ostcomjehtis, in Lewis Practice of Surgery, Hagerstown, iMd , 
\\ r Prior Compan\, 1927, \ol 2 p 4 

21 Bloodgood J C J Radiol 1 147 1920 

24 CoIe\ W B Tiie Differential Diagnosis of Sarcoma of the Long Bones, 
J Bone Joint Siirg 10 420, 1928 
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occurs in otliei locations The age does not help in diagnosis ot tuber- 
culous disease ot the bone, but the underder eloped and undernourished 
condition ot the patient and the slow progress and lack of sec erit} of the 
scmptoms together ccith the longer period ot acticitc are salient tea- 
tuies The pain in tuberculosis ot the bone mac be completely rebec ed 
be immobilization m contrast cc ith the increasmglc sec ere pains cc ithout 
relief in Ecving s sarcoma The x-raj picture of a tuberculous bone usu- 
allc shoccs maiked destruction in the epiphcseal end of a bone ccith 



Fig 27 — \ siphihtic lesion m the shaft ot an ulna showing destruction of 
bone witli little formation of Jbone The usual reaction in this disease, howeier, is 
an increase in the densit\ of the bone with lormation, in mani instances of 
exostoses 

incolcement ot the joint and calcification ot the sott parts (fig 25 ) 
These aie raielc seen in Eccings tumor cchich practicallc necer shoccs 
the sequestiums and draining sinuses obserced in tuberculosis 

Scphilitic disease of the bone ccith cchich Eccings sarcoma is often 
confused, is more likelc to occur in later life The constitutional reac- 
tion mac not be unlike that of the small round cell sarcoma Scphihtic 
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peiioslitis affects paiticuUily the supeificial bones (tibia, clavicle, 
sternum, ulna, etc), and usuall}' tbcie is multijilc involvement The 
pciiosteum may be bulged, and a foimation of small bony spicules, 
ananged peipendiculaily to the coitex of the bone, may occui (fig 26) 
Kolodny and Eising pointed out that this peipendiculai an angement 
of osteophytes is sometimes found m low giade chionic infections of 
bone, pyogenic oi tubeiculous This obseivation is notewoithy, foi 
ladiating spicules peipendiculai to the coitex in a bony lesion aie com- 



monly associated with a malignant piocess of bone, Ewing’s tumoi being 
no exception The coitex in syphilitic disease of the bone may be 
ciodcd, and medullaiy destruction ma)'^ occui (fig 27), but exostoses 
and increased density of the bone aie moie constant obseivations The 
Wassermann reaction is therefore all important in the differential diag- 

25 Clicnelot E Siir les Rommcs s\pliilitifjiies siinulTiit dcs sTrcomcs, TlK.^c 
de L^on, 1910 Stokes, J H Modern Climcil S\phdoIopi, Plnhdelphn, W B 
Sniinders Compnin, 1927, p 085 
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nosis and, as as pointed out b} Bloodgood and others hen a posi- 
tn e Wasserinann reaction is present a therapeutic test should be carried 
out before the tumor is explored 

Chnicall}, multiple imeloma was noted as a source ot confusion in 
two ot these cases of Ewing’s sarcoma In a recent publication,^^ w'e 
pointed out that multiple mieloma occurs for tlie most part m persons 
between tbe ages of 40 and 70 This is in contradistinction to the age 
incidence m Ewung s sarcoma, which ranges between the ages ot 6 and 
20 Multiphcit} of tumor w'as an outstanding feature m o^er 90 per 
cent of the cases ot m} eloma including im oh ement ot tlie thoracic cage , 
skeletal deformit} occurred in 60 per cent, and pathologic fracture m 63 
per cent of the cases Bence-Jones bodies were excreted in 65 per cent 
of the cases In Ewung s tumor, multiple in\ oh ement is rareh seen 
when the patient first comes under obser\ation, fractures occurred in 



Fig 29 — \n osteogenic sarcoma inioUing the lo\^er end of a femur There 
IS formation of new bone m the periosteal region, with osteophytes arranged both 
irregularly and at right angles to the cortex This type of myasion practically 
ney er giy es the extensiy e laminated neyy bone paralleling the shaft seen in Eyy mg’s 
sarcoma The medullary cayity is encroached on by sclerosing tumor 


onh 5 per cent ot the cases, and Bence-Jones bodies were neter tound 
m tbe urine The x-ra}^ picture rarel} showed the multiple, punched- 
out areas seen in multiple myeloma (fig 28) 

The osteogenic sarcoma in the ay erage case is located at the end 
of the long bone yyhereas Eyy mgs sarcoma appears in the shaft 
and does not inyohe the epiphysis The formation of ney\ bone in 
osteogenic saicoma shoyys right-angled spicules early in the disease 
and practically neyei gnes the extensiyc laminated neyy bone paralleling 
the shaft seen m Eyying s sarcoma (fig 29) There is an occasional excep- 
tion in osteogenic sarcoma in yyliich there is iny oh ement of the shaft 

26 Xicholc': R H Roentgen Diagnons ot the "More Impo-tant Tumors of 
the Long Bones Surg Gy nee Obst 35 301 1922 
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with little foinicition of bone (fig 30) Iiiadiation of the tiimoi ofiteis 
a good theiapeutic test The Ewing tuinoi responds piomptly to 
iiiadiation, wheieas osteogenic saicoma is little atlected 

Metastatic caicinoma-" is not infiequently confused with Ewing’s 
saicoma, both clinically and in some cases mici oscopically Caicinoma 
occms latei in life than Ewing’s tumoi, the majority of metastatic 
tiimois 111 bone appealing aftei the age of 45 A thoioiigh suivey 
of the body foi a piimaiy focus often leveals the souice of the 
metastases, thus ruling out Ewing’s tumoi An x-iay pictuie of a 
metastatic caicinoma in bone usually shows a single medullaiy lesion 





Fig 30 — An osteogenic sarcoma involving the shaft of a femur with destruc 
tion of bone and some new formation of bone There is considerable periostci 
reaction This may be contrasted with figure 29, showing a common tjpc o 
osteogenic sarcoma found near the end of long bones, which is sclerosing m nature 

destioying the bone at the site of the nutiient artciy Foimalion of 
bone of the healing tjpe is observed m metastatic tumoi s fiom tbt- 
prostate, etc"* Kaufmann,-’ in a statistical study, pointed out siicli a 

27 Joll, C \ ^Ictastatic Tumors of Bone, Brit J Surg 11 38, 1923 

28 Simpson W M Diffuse Vertebral Metastasis of Prostatic Carcinoma 
Witliout Bom Cli mges '\m J Roentgenol 15 534, 1926 

29 Kaufmann E I chrbuch dcr Pathologic, Berlin, G Reimer, 1911, aol -> 
p 759 
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\ariation in this t\pe ot tumor and the i\ork ot Simpson^® enabled 
us to make a complete stud^ of metastases to bone The frequencr of 
metastases to bone m cases of carcinoma is set forth m table 3 

Sacro-ihac strain and rheumatism ^^e^e also noted as mistaken 
diagnoses in our senes An x-ra\ picture ustialh re\eals the true 
status of the lesion 

TRE VTJIENT AXD PROGNOSIS 

The treatment, as outlined here, is based on the obserrations of 
Bloodgood and further supported b\ the anah sis of the cases 
presented here 

In cases in uhich metastases hare not occurred, amputation foi 
lesions of the lou er extremitr belou the upper tlurd of the temur and 
resection of bones for lesions m the upper extremit\ followed by post- 
operatue irradiation, offer more hope of cure than does irradiation 
alone It was recentlj pointed out that such is the case m all diffuse 
and periosteal malignant lesions of bone 


T\ble 3 — Frcquciic\ of Metastases to Bone in Carcinoma 


TMie oI Carcinoma 

Ca=e5 

Percentage Shoinng 
Bony Metastasis 

Prostate 

24 

660 

Hypernephroma 

14 

56 0 

Breast (m Gro«s cited by beal and Eobnett Arch 
Sure 14 320 [Feb 1 1927) 

423 

20 5 

Rectum 


10 5 

Esophagus 

101 

69 

Thyroid 

DO 

5 4 

Uterus 

150 

so 

Stomach 

sno 

25 


If the lesion occurs in the upper part of the temur or has become 
so extensl^e in the upper extremit} that the operation of choice is 
not warranted, irradiation should be resorted to and continued in 
therapeutic doses until amputation becomes a necessity to reliere pain 

When the lesion is considered operable and the clinical picture, 
roentgenogram and other laboratorA observations are such that sarcoma 
cannot be ruled out, immediate operation is advised it a competent 
pathologist is at hand Never perform a biopsv and wait for a diagnosis 
trom other laboratories If in doubt take an x-rav put the affected 
part at rest and send the x-rav picture and the historv ot the case to a 
competent authoritv tor interpretation The object ot the operation is 
to explore and to get a piece of tissue for trozen section (neutralized 

30 Simplon AI Pnrmr\ Tluroid C^ra^oma SimuHtincr H\pcr- 

iKpbronn \nn Clin Med 4 668 1926 

31 Bloodgood T C Bone Svrcoim Perioitcal md Diftu=e T\pe and Tlieir 
Dngnoei"; from Benign Lc'ione T Bone S. Joint Surg 8 727 1926 

i2 Tern B T \. Rapid Afethod ot Examining Tu-ue Alicro^icopicalh tor 
Alalienancv Preparation ot PoUchroinc Aletlnleiie Elite T Patli Bact 30 573 
1927 
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pol3^chiome methylene blue stain is used m tins laboiatoiy) If the 
lesion IS malignant, the opeiation of choice based on the site of the 
lesion must be pei foimed immediately to pieseive the life of the patient 
The lesponsibihties of physicians aie steadily inci easing, as inoie 
and moie patients come eaihei foi diagnosis, making the x-iay 
pictuie, the gioss appeal ance and the fiozen section moie difficult to 
diagnose Complete studies with caieful follow-ups aie the ultimate 
solution of pioblems m diagnosis of eaily bone lesions 

At piesent, we have complete follow-up lepoits on fifty-two cases 
of Ewing’s saicoma In foity-thice cases the patients aie dead and in 
eight cases (18 pei cent) the patients aie living and apparently well 
at the time of wilting Evei}' patient who is lepoited well in this senes 

Table 4 — hcatinenl bv Rcsecchon oi Ani/>iitahoii zviih Iiiadiation 


Patient* 

(Surg 

Path Lab 

No ) Color 

Sex 

Ago 

Location 
of Tumor 

Duration of 
Symptoms 
at Time of 
Opoi atlon. 
Months 

Microscopic 

Observations 

Duration 
of Life 
Polloalng 
Operation, 
Months 

m72 

W 

M 

28 

ITumcrus', mldshntt 

SG 

Typical 

(Well after 

35S82 

W 

P 

0 

Tibia, midsliaft 

C 

Typical 

Typical 

35 months) 
20 

32023 

W 


11 

Radius, mldsliatt 

n 

17 

32770 

W 

JI 

r>/2 

Tibia, inidslnft 

IS 

Typical 

Typical 

Typical 

Tj picnl 

10 

31776 

W 

M 

22 

Pibula, midshnft 


10 

28600 

W 

M 

11 

Humerus, upper shaft 

1 

15 

C703X 

W 

P 

11 

Scapula, clavicle 


(Well after 
SI months) 
0 

27033 

W 

M 

3 

Scapula only 

G 

Typical 

2G310 

W 

M 

23 

Pemur, lower shaft 

11 

Tj plcal 
Typical 

12 

2C001 

W 

M 

13 

Clavicle only 


(Well after 
Rl montlis) 

2500G 

W 

P 

10 

Scapula only 

24 

Typical 

n 

26130 

W 

P 

10 

Fibula, midshnft 

12 

Typical 

Typical 

18 

2IGO7 

W 

M 

11 

Femur, upper shaft 

11 

18 


* Tliero fire tliroo patients (23 per cent) in this group well, uitli an average duration oI lllo 
of flve jejirs and seren inontiis foi/ou/ng: treatment Of tij/s number tuo are Jivmg o^er live 
years 


has a duiation of life of moie than five yeais since the onset of 
symptoms, and six aie living ovei five yeais following an opeiative 
proceduic The aveiage duiation of life is seven yeais and eight 
months foi the eight cases 

We have divided the methods of tieatmenl into thiee main groups 
foi analysis (1) amputation oi icsection with iiiadiation, (2) amputa- 
tion oi lesectioii sine iiiadiation and (3) iiiadiation alone oi with 
cxploiatory opeiation 

In gioup 1 (table 4) there aic thiitccn cases with a postoperative 
duration of life aveiaging 29 2 months In thiec cases in this gioup 
(23 per cent) the patients weic found to be well with an average 
duration of life of fi^e 3 cars and seven months 

In group 2 (table 5) tbcrc aic t\\cnt3'^-foui cases with an a\cragc 
duration of life of tnent3 months In four cases in this gioup (16’’ 
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per cent) tlie patients are ■s\ell and ha^e an average duration of life 
(at the time of rrriting) of six 3 ears 

In group 3 (table 6 ) there are eight cases ^\lth an arerage duration 
ot life of t^^ ent) -sei en months In one case of this group (12 5 per 
cent), the patient is Ining fiftr -three months after treatment This 
patient’s lesion as curetted prior to irradiation 

Colej’s toxins apparent!} hare had no eftect on the duration ot 
life whether giren alone or with other forms of treatment (table 7 ) 
There rrere three patients in the entire senes rrho rrere guen Coler’s 
toxins 


Table 5 — Ti catmcnt by Resection or Amputation Mithout In adiation 







Duration of 


Duration 

Patient* 





Symptoms 


of Life 

(Surg 





at Time of 


Following 

Path Lah 



location 

Operation, 

Microscopic 

Operation 

^o) 

Color 

Set 

Age 

of Tumor 

Months 

Observations 

5Ionths 

35(»4 

W 

M 

24 

Tibia midshaft 

12 

Typical 

11 

34422 

W 

J1 

10 

Tibia midsbaft 

4 

TjTieal 

53 

34005 

W 

51 

19 

Humerus lower shaft 

S4 

Typical 

(Well after 

30 months) 

32174 

W 

M 

16 

Femur midshaft 

6 

Typical 

7 

29256 

W 

P 

12 

Tibia, upper shaft 

12 

TjTucal 

(Wen after 

7S months) 

2SS35 

W 

51 

24 

Femur lower shaft 

4><. 

Typical 

4^ 

2S397 

W 

P 

12 

Humerus upper shaft 

9 

Tvpical 

(WeU after 

72 months) 

2S395 

W 


25 

Fibula lower shaft 

9 

Typical 

1 

2S3G4 

W 

-U 

13 

Fibula upper shaft 

3 

Typical 
from report 

6 ^ 

27511 

W 

11 

14 

Femur lower shaft 

6 

Tvpical 

5 

26915 

W 

51 

16 

5Ietatarsal only 


Tvpical 

36 

26SS5 

W 

1' 

44 

Tibia upper shaft 

4 

Typical 
from report 

24 

26597 

W 

51 

39 

Tarsal onlv 

24 

Typical 

6 

24927 

W 

51 

6 

Tibia upper shaft 

IS 

Typical 

IS 

22795 

W 

51 

22 

Femur 

24 

T^'pical 

(WeU after 
lOS months) 

15921 

W 

P 


Pelvis only 


Typical 

(Died at operation) 

15S38 

W 

51 

21 

Humerus midshaft 

5 

TjTiieal 

13 

15745 

W 

P 

14 

Femur, upper shaft 

IS 

Typical 

5 

7903 

W 

51 

13 

Fibula midshaft 

12 

Typical 

4’- 

7657 

W 

'M 

16 

Fibula midsbaft 

6 

Typical 

11 

5172 

W 

F 

11 

Tibia midshaft 


Typical 

2 

4392 

W 

P 

17 

Humerus upper shaft 

3 

Tvpical 

9 

1207 

w 

P 

S 

Tibia upper shaft 

0 

Tvpical 

9 

Gt 

w 

51 

21 

Humerus upper shaft 

G 

Tvpical 

5 


* There nre four patients (IG per cent) in this group "nho are Tvell averaging six years 
duration of life after treatment Of this number three arc liMDg over five year^ 


From a stud} of these three tabulations there is seen to be little 
choice between the emplo}ment ot irradiation (fig 31) or radical opera- 
tion The CMdeiice indicates that the patient should recene a com- 
bination ot both treatments when the tumor is observed in the usual 
location pnoi to metastasis 

In arming at elements 111 the clinical histon which would be of 
value in making a prognosis an anahsis was made of the features 
presented bv the living patients Their ages ranged from 12 to 30 

v3 Colev, \V C and Cokv, B L Pniiiarv Malicnant Tumor' 01 the Loner 
Bones \.rch Sure 13 779 (Dec 1 1926 14 63 (Tanl 1027 
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years The site of involvement Avas eithei the lowei oi the upper 
extiemity, including the pectoial giidle The x-iay pictuie showed eithei 
destruction of bone oi formation of bone and sometimes both It also 
disclosed diffuse immh^ement of the bone, and eithei a paiallel oi a 
light angle peiiosteal leaction The gross pathologic changes were 
not unique, and both normal white cell counts and leukoc3dosis Avitli 


Table 6 — Ti catment by Ii > adiafwn Alone o) by h > admiwn ivdli EipIoiafO)v 

Opel alton 


Patient 
(Surg 

Path Lab location 


No) 

Color 

Sex 

Age 

of Tamoi 

35014* 

W 

P 

22 

Tibia, midshaffc 

34344 

W 

P 

17 

Pemur, lower shaft 

32910* 

W 

M 

17 

Tibia, midshaft 

3198S* 

W 

M 

17 

Pemur, upper shaft 

30944* 

W 

M 

20 

Tibia, lower shaft 

30755* 

W 

M 

12 

Pibula, upper shaft 

10537* 

W 

M 

17 

Tibia, upper shaft 

5927* 

W 

M 

7 

Femur 


Duration of 


Duration 

Symptoms 


of Life 

at Time of 


Under 

Treatment, 

Microscopic 

Treatment 

Months 

Observations 

Months 

4S 

Typical 

(Well after 
53 months) 

5 


20 

12 

Typical 

59 

2 

Typical 

39 

7 

Typical 

5 

2 

Typical 

10 

0 

Typical 

9 

2% 

Topical 

2 


* The lesions of bone in these patients, Math the exception of three were explored in three 
the lesions were curetted and in one the tumor was treated Mitli radium alone One patient 
(la per cent of the group) is still living 53 months after treatment 


Table 7 — Pa)t 1 Evploiatoiy Opeiatwn Alone 


Patient* 

(Surg 

Path Lab 

No ) Color 

Sex 

Age 

Location 
of Tumor 

Duration of 
Symptoms 
at Time of 
Operation, 
Months 

Microscopic 

Observations 

Duration 
of Life 
Following 
Operation, 
Months 

34027 

W 

M 

23 

Ilium alone 

11 

Typicil 

1 

33807* 

W 

P 

22 

Mastoid alone 

4 

Typical 

C 

30828 

W 

P 

9 

Humerus upper shaft 

13 

Typical 

•1 

30072 

W 

F 

21 

Ilium alone 

5 

Typical 

9% 

29054* 

W 

M 

7 

Tibia, midshaft 


Ty pi cal 

22 

28774 

W 

P 

34 

Ilium 

5 

Typical 

1 day 

13439* 

W 

M 

Part 2 — Tieatment by Coley’s Toxins Alone 

23 Humerus, midshaft 

14 


* The glands were excised and showed metastases microscopicallj tjpical 


feier Aveie observed Radical operation with or Avithout iiiadiation 
and irradiation alone were among the methods of treatment 

All of the patients reported in this series as Inung today 
had a preoperative duration of S)nnptoms averaging twenty months, as 
against six months for those avIio died Avithin a year follow mg operation 
The shorter duration of symptoms apparently therefore, indicates a 
more rapidl} growing tumor and is ground for a graAc prognosis 
This reflects seriousl} on the hope of cure through earl} diagnosis and 
earh treatment in a definite group of these cases Apparently, 
sAiiiptonis do not aliiais precede the fatal stages of the disease In a 
sufficient margin for the purposes of therapeutics 
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Exploration does not necessanlj aftect the prognosis in cases in 
which radical operation or x-ray treatment follows exploration In 
tw^o cases (25 per cent) in wduch the patients are living orer fire 
}ears, exploration was done before the operation of choice was 
lesoited to In one case of ciirettement followed by irradiation, the 
patient is hr ing over four 3 ears after treatment In six cases in w Inch 
an exploratorr operation w'as performed wnthout further treatment, 
death occurred in from one to tw'entr-twm months In one case in 
which Loler ’s toxins alone were given, the patient died fourteen months 
aftei the therapeutic procedure w'as begun 



Fig 31 — A shows the imoUement of a tibia bj Ewings sarcoma with much 
periosteal reaction and a mottling of the marrow caMti This tumor was explored 
for biopsi, the explorator^ operation being immediatelj followed b\ irradiation 
B shows the eftect of irradiation on the tumor Marked sclerosis has occurred in 
both the shaft and the periosteal region, reactue bone haMng been formed in 
abundance on retardation of the growth of the tumor (no 32770, table 4) 


XATURE OF EWIX’GS TUMOR 

Successful anahsis is dependent on a complete senes of accurate 
observations, summarized and recorded in such fashion that connections 
between 1 elated facts become illumined In order to arrne at some con- 
ception ot the nature ot Ewings tumor, we hate attempted such a 
siimmart in table 8 

The tacts listed in table 8 point to the conclusion that Ewings 
tumor IS a malignant sarcoma of bone In faior of this is the age 
incidence of the tumor its location m bone, the cellular nature of the 
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pathologic changes, the metastases and the high peicentage of fatality 
Against the opinion, occasionally voiced, that this lesion is a metastatic 
tumor arising piimarily outside of bone is the failure to demonstrate 
such a primal y focus in any of the cases studied and the occasional 
cures by amputation The cellulai moiphology of this tumor also does 
not resemble that of caicinoma, nor does the age of the patient suggest 
such a disease 

Opinion in favor of bone saicoma is therefoie substantiated by 
this study However, the summary of the observations in table 8 is 
against the belief that the tumoi is a m)feloma originating in the marrow 
cavity In the first place, as pointed out elsewhere in this paper, the 

Table 8 — Summaiy of the Obsci uattous m Cases of Ewing’s Saicoma 


Obsemtions 

Simulating 

Tumors in Observations Obaractcnstie of 

General Ewing’s Sarcoma 


Observations 
Simulating 
Malignanej 
in Genera] 


Pam and snelling 
Limp 

Fever leuLoeytosis 

Dilatation of super 
fieial \cins 

Tender, firm mass 

Occasional regres 
Sion 


95 per cent of cases in persons under 25 years of age 
Duration of symptoms to time of treatment, 11% 
months 

Traum i in from 30 to 40 per cent five months 
previously 

Occurrence only in bone 
Tibia most frequentlj involved 
In long bones, shaft only primarily affected 
Epiphysis involved only secondarily 
Elliptical area of the shaft involiemcnt 
Cartilaginous bone primanly invoh ed 
Bulk of the tumor subperiosteal 
bubperiosteum usually intact 
Reactive bone both endosteal and subpeiiosteal 
Cortev expanded and thickened 
Infiltration of bone but not destruction or forma- 
tion of bone pnmanly 
Rapid diffusion 
Destruction of bone late 
Pathologic fracture rare 

Metastases to membranous and cartilaginous bone 
Predilection of metastases for skull 
Tumor cells uniform in Size oval or round 
No tumor giant cells 
No Bence Jones bodies in the urine 
Regional glands involved 
Conclusion 

A neoplasm originating during the growth period m 
the diaphysis of bones, rapidly infiltrating bone 
Tilth early diffusion imoking both peiiosteal and 
endosteal reaction but producing no tumor bone 
or direct erosion of bone 


Fatal in 87 per 
cent of cases 

Moderate anemia 

Fever 

Metastases to the 
lungs 

Terminal cachetia 

Very cellular 
tissue 


elliptical area of shaft involvement with the bulk of the tumor lying 
subperiosteally does not resemble the usual central and spherical 
contour of medullar}’ tumors Multiple myeloma, metastatic carcinoma 
and chloroma with leukemia all show a cential location with a more 
or less spherical growth widening the medullaiy cavity These tumors 
occupying the marrow canty show early destruction of bone and with 
the majont} of them in at least isolated instances, Bence-Jones bodies 
ha\e been demonstrated The Ewing tumor, in contrast with these 
neoplasms, most frequenth shows a narrowing or occlusion of the 
mcdulKr\ cant} with both endosteal and subperiosteal formation of 
new bone earh in the disease, which would seem to indicate that the 
tumor has not a priman mediillan origin The alisenee of marked 
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changes in the blood and of Bence-Jones bodies in the urine is against 
tins assumption Gross specimens and microscopic sections cut 
transrerseh through the bone usualK show onl} a small portion ot the 
tumor tissue in the marrow cant} The rapid extension ot tlie Ewing 
tumor 111 a plane parallel to the axis of the shatt indicates that 
the tumor has not the prii ilege ot expanding freeh m the tw o opposite 
directions and points to the growth’s being either intracortical or sub- 
peiiosteal in ongin 

The majorit} ot the obsenations smnmanzed in table 8 could he 
explained b} either an intracorhcal or a subperiosteal origin of the tumor 
If the neoplasm is primar} in the harersian si stems, tins would explain 
the rapid infiltration b} the tumor producing both earh endosteal 
and subperiosteal reactions of new bone It would explain, also, the 
distribution of the tumor under the periosteum and into the medullar}' 
cavit} in the later stages, and account tor the widening of the haiersian 
canals and the splitting of the la}ers ot the cortical bone so trequentl} 
obsened under the microscope (fig 32) Howeier, conclusne micro- 
scopic proof of the origin of the Ewing tumor in the haiersian canals 
IS lacking ^^'hile specimens usual!} show the tumor penading these 
structures we haie been unable to determine whether the tumor arises 
here oi secondanh infiltrates into these channels 

The assumption that the Ewing tumor arises m a subperiosteal 
locaht} mai be maintained, with probabh equal lahditi, from the tacts 
observed The actne subperiosteal laier which ceases at the epiplnsis 
and atrophies m adulthood would account for the imohement of the 
shaft onl}, in louthful patients This localiti would account also for 
the fact that the bulk of the tmnor is under the periosteum, for the 
tendenc} of the haversian S} stems to be infiltrated, and tor the reactii e 
formation of new bone of both endosteal and subperiosteal origin It 
would explain also the tendenci ot the tumor to extend up and down 
the shaft rather than to form a spherical growth It would also 
fit in with the absence of Bence-Tones bodies in the urine and the lack 
of marked changes in the blood 

On the basis ot these obsenations, it is clear that the tumor whether 
piimanh intncortical or subperiosteal is not medulhr}, nor primarih 
osteohtic IS is currenth belieied The rariti ot pathologic fracture, 
the localities iftected the x-rn and the gro'^s obsenations are ill 
against the assumption and destruction ot bone is alwaijr a late 
manifestation m the disease (fig 7) 

The suggestion ot Kolodni following the lead ot Ewing that the 
tumor arises about the pernascular hmphatics m the haiersian canals 
IS not altogclhei unteasiblc and would giie this tumor an intracortical 
origin Tumor cells aic trequcnth obsened in this region (fig 33) 
but sections ot normal bone do not show cells ot the Ewing ape iroin 
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which the neoplasm might arise While we obseived pioliferation of 
cellulai elements about these lymphatics in bone beneath such a con- 
dition as buisitis, the cells weie of a difteient type and the endothelium 
of the lymphatics did not appeal to us to lesemble the Ewing cell We 



Fig 32 — A low-power photomicrograph of a section taken through the boclj 
of the scapuh Note the splitting of the laj'eis of cortical bone, the widening of 
the haversian canals and the spicules of bone at right angles to the cortex extend- 
ing inwardK from the region of the periosteum There is a small nest of tumor 
cells m the medullar\ caMtj, but the bulk of the tumor is between the cortex an 
the reactne bone of the periosteum near the point of medullar% invohemcnt 
(no 27039, table 4) 


retiewcd the endotheliomas of the soft paits witli all the sarcoma‘' 
of the soft parts in this laboratory anrl did not find a tumor dnpbcatmtf 




COPELAND-GESCHICKTER—EJi IXG’S SARCOMA 


295 


m cellular chaiacter the Euing sarcoma The endotheliomas m the 
collection of Dr A R Rich m the department of general patholog}, 
which he has gathered from the uterus the testicle, the peritoneum, 
the duodenum and the Iner, and the endotheliomas m our oun collec- 



Fig 33 — A. photomicrograph showing a portion of the cortex of a bone The 
h•^^er‘!nn canals hare been widened b\ the infiltration of tumor, which has penaded 
the bone b\ means of the periiascular hmphatics within the ha\ersian canals 
tno 32174, table 5) 


tion which resemble these difter markedh Irom Ewings sarcoma of 
bone ^^e belieae tint the osteohtic endothelial maelonn’ ol Ewing 
IS not prinnrih osteohtic or medullara nor is it endothelial, although 
we grant the spccifieita ot the tumor and find that the sixte cases 
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reported here resemble those described by Ewing, Connor and Kolodny, 
both clinically and mici oscopically 

The facts at our disposal do not enable us to point out either the 
site of origin or the histogenesis of this tumor, and while we believe 
that the pi unary focus is specific for bone and is probably intracortical 
or subperiosteal, we prefer to leave the matter sub judice 

CASE REPORTS 

Case 1 — Htstoty — R N, aged 19, white, a cashier was admitted to the Johns 
Hopkins Hospital on March 26, 1920, complaining of a lump on the left shoulder 
blade She had suffered the usual ailments of childhood The family history and 
the patient’s previous history were otherwise noncontnbutory The present illness 
began with a fall in February, 1918, while the patient was playing basket-ball She 
struck the ground with the upper part of her back For ten days she noticed an 
aching and a tired feeling in this region, but no sharp pain, swelling, tenderness or 
restriction of motion In February, 1919, the patient noticed soreness in the upper 
part of the left arm, and at the same time the development of a lump 4 by 5 cm 
in diameter on the superior and medial angle of the left scapula She did not 
observe any elevation of temperature or tenderness of the affected part In May, 
1919, the lump suddenly increased, and a sharp, shooting pam radiated 
region of the lump to the hand and fingers The lump became exquisitely painful 
for three or four days, and then suddenly diminished m size The pain and 
tenderness ceased, and the patient again felt well Other similar attacks occurred 
without fever in August, September and December of 1919 On March 12, 1920, 
the lump suddenly increased and became exquisitely painful and tender In this 
condition, the patient was admitted to the hospital 

Physical Evaminaiion — The patient was a healthy-looking girl of 19 years, well 
developed and well nourished The mucous membranes were of good color A 
review of the systems was essentially without important result save for the left 
scapula, where over the supraspinous part a tumor was found, 10 by 12 by 2 cm, 
with normal overlying skin The tumor was a smooth, saucer-shaped mass over- 
lying and attached to the supraspinous portion of the scapula, and extending above 
and medial to the superior border The lump was not fluctuant and not tender 
The blood count revealed the hemoglobin content to be 78 per cent and the white 
cells 7,300 The urine was essentially normal Bence-Jones bodies were not 
reported X-ray studies were made, and a diagnosis of sarcoma was considered 

Clinical Course, Tieatmcnl — On April 10, 1920, while the patient was in the 
hospital, it was deemed advisable to resect a portion of the scapula The neck 
of the scapula was left intact to articulate with the head of the humerus The 
patient made an une\entful recovery and returned home On Sept 29, 1920, the 
patient was readmitted to the hospital, this time with a slight elevation of tempen- 
ture The patient, after going home, had steadily grown weaker An aching pmn 
had developed in the left shoulder following an injury to the affected part four 

34 Studies are now under way to determine the exact nature of the tumor 
From the radiologist’s point of mcw Ewing’s sarcoma responds like a tumor of 
the lymphoid group m that it reacts readily to irradiation This is m contra- 
distinction to the endotheliomas, which react little, if any Histologically also the 
cells resemble the hmphohlast Differential stains are being worked out to fortif> 
further, if possible the position that Ewing’s sarcoma may be of hmphoid nature 
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\\eeks prior to admission The tumor had reappeared and nas rapidh growing 
Treatment with radium was deemed adMsable 

On !Maj 21 1921, tlie patient died Before death, she had dwindled to a mere 
skeleton, was practicalh parahzed and was haMng se\ere attacks of pain about 
e\er} se^en hours 

Gloss Pathologic Changes — The specimen consisted ot the medial fi\e sixths 
of the scapula A tumorous mass in\olMng the middle half of the superior margin, 
togetlier with the supraspinous fossa and subscapular fossa was noted It was 
fairlj circumscribed, although not encapsulated Along the ad\anced margin, the 
tumor appeared between the periosteum and the bone On section, the surface was 
a clear gra^ w ith a few j ellow opaque areas The medullar% ca\nt'i appeared to be 
less imohed No hemorrhagic areas were seen, and grossh there was little 
stroma, nor were trabeculae imohing the tumor areas obsened 

Ahcroscopic Obseivatwns — ^kluch fibrous stroma, with areas of small, round 
and o\oid cells, the nuclei of which varied slightlv in size was noted, with little or 
no intercellular stroma The cellular structure was tvpical of Ewing’s tumor 
Bone spicules were noted, most of which were being destrojed bv tumor cells 
An area of periosteum w as seen w ith a laj er of new bone formed beneath it, w hich 
in places was separated distalli from another laver of bone bv tumor cells 

Case 2 — Histoiy — J W, aged 34, white, a housewife, was admitted to 
Johns Hopkins Hospital on Jul> 14, 1921, complaining of trouble with the back 
and the hip The familj history w as noncontributorj , the patient’s prev lous historv 
revealed an attack of phlebitis in the left leg following the birth of a child, about 
a jear before admission In 1909 and again in 1915, tonsillectomj was performed, 
and the patient had had the right antrum drained in 1915 

The illness in question began in September, 1920, with a pain in the region of 
tlie COCC 3 X, especiallj on walking She limped with the right leg and for two 
months previous to admission had suffered sharp pains m this limb on movement, 
accompanied bj a sensation of “giving wav” in the lumbar region 

Physical Eraminatioii — There was pain on pressure over the right sacro-ihac 
joint The fifth lumbar vertebra was more prominent than usual All deep 
reflexes were slightlj hyperactive X-rav examination revealed a large area of 
destruction in the ilium involving the sacro-iliac joint The sacrum was not 
involved, and apparentlv there was no bonv reaction surrounding the area of 
destruction The blood count showed white cells 6,500 and red cells 4,160,000, with 
a hemoglobin content of 90 per cent Polj morphonuclear cells were 64 per cent 
The urine was normal Bence-Jones bodies were not reported 

Treatment and Clinical Coiiise — The patient was put in a brace and discliarged 
to return in six weeks On Aug 30, 1921, she returned to the hospital because 
of a wrench of the back, she was suffering intense pain The phvsical examination 
revealed nothing more than had been noted before The laboratorv observations 
were again within normal limits On Sept 7, 1921, a swelling the size of a walnut 
was noted attached to the skull just to the right of the midline on the anterior 
portion of the head The nodule was slightlv sensitive. X-rav pictures showed 
two small areas of destruction in the parietal bone On Sept 8 , 1921, an explora- 
torj operation was done The right ihum was exposed, the lascia covering the 
sacro-ihac joint was opened and a considerable amount ot clotted blood escaped 
\t one point the bonv pelvis was apparentlv eroded through The patient lett 
the operating room in a state ot shock and died on Sept 9 1921 \t no time was 
there an elevation of the temperature 
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Miaoscopic Observation’; — A homogeneous mass of small round cells with 
slightly vesicular nuclei was noted The chromatin content of the nuclei was 
moderate with no particular arrangement There was little connective tissue 
framework, and the tissue was not vascular, only a few blood vessels being noted 

Case 3 — Htstoiy — W H R, aged 17, white, a machinist, was admitted to the 
Johns Hopkins Hospital on April 27, 1910, with a complaint of swelling and 
lameness m the right leg The family history and the patient’s pre\ious historj 
were noncontributory The illness had begun six months previous to admission, 
when the patient noted intermittent pain in the right leg The pain persisted for 
about two days and then disappeared for about two weeks The intervals between 
the attacks of pain became shorter until four months before admission, then the 
patient began to have pain in the right leg every night The pain was piercing, and 
prohibited sleep Five months before admission, swelling was noted at the site of 
the pain, and two months before admission, the swelling was curetted at a neighbor- 
ing hospital The wound, which exuded serosanguineous fluid for a time, finally 
healed Shortly after the operation, the pain recurred, the patient having man) 
wakeful nights The patient ceased to walk because of a painful right knee Sub- 
sequent to the onset of his illness, he noticed a loss of weight amounting to 
15 pounds (6 8 Kg ) 

PAyncaf Examination — The physical examination revealed a poorlj nourished 
boy The right inguinal glands were enlarged and hard, but there was no enlarge- 
ment of the glands in general The right leg, thigh and knee were distinctly larger 
than the left A fusiform swelling below the knee was noted A scar 10 cm long 
was seen over the upper part of the right tibia On palpation, the tibia appeared 
thickened, but fairly smooth, nowhere was it fluctuant Over its upper portion, 
tenderness was easily elicited Voluntary motion of the leg was good Laboratory 
examination revealed white blood cells, 12,000, red blood cells, 6,000,000, hemo- 
globin 65 per cent, polymorphonuclcars, 75 per cent The urine was normal 
No Bence-Jones bodies were reported 

Tieatment and Clinical Com sc —Coley's toxin was given from tune to time as 
a postoperative measure, and x-ray treatment was administered twice weekly for 
a time The temperature was elevated on admission, and at no time later was it 
noted as normal , it reached 103 F , excluding the reactions caused by Coley s toxin 
The patient died on Nov 2, 1910, with metastases to the skull and to the glands 
of the groin 

X-Ray Obseivations — The x-ray picture showed a definite periosteal forma- 
tion of new bone resembling somewhat that seen in syphilitic periostitis or m the 
involucrum about a chronic osteomyelitis Between the bone shadow and the 
periosteal growth there were more light shadows than one expects in x-ray pictures 
of sj phihs or of osteomyelitis The shadow of the medullary cavitv of the upper 
third of the tibia was irregular 

Microscopic Observations — Areas of small round cells were surrounded b> 
fibrous stroma There were also areas of old bone and hemorrhage There were 
numerous car ities chiefly in the cellular areas In places, the fibrous stroma 
uas cellular, while m other areas the fibrous stroma had a marked amount o 
eosm-staimng intercellular substance 

Case 4 — History — J B, aged 10, white, a school girl, w'as admitted to the 
Johns Hopkins Hospital on Dec 6, 1919, complaining of intermittent pain in t ic 
leg The familj historj and the patient’s prerious history were noncontributon 
The present illness began about one year before admission to the hospital witi 
cramps in the lower part of the left leg, not serere, and lasting for onU a short 
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time, \Mth recurrences seieral months apart Two weeks before the patient's 
admission, the mother noticed that the child s left leg was a little larger than the 
right leg, and she immediateh sought medical consultation 

Physical Eramiuatwii — ^The results of physical examination were negatire at 
this time sa\e for the condition of the affected part The left calf was distincth 
enlarged, especiallj at the outer side On palpation, a mass was felt along the 
fibula extending from 6 cm below the knee to 6 cm abo^e the external malleolus 
It was fusiform, reaching its maximal size at the region of the calf The tumor 
mass was bon\, not tender but immobile, and the surface was apparentli rough 
The inguinal glands were hard and shottj on both sides, but more so on the right 
There was no eleiation of temperature localh o\er the tumor mass The blood 
count showed white blood cells, 9,860, red blood cells, 4,864,000, hemoglobin, 
75 per cent, poh morphonuclears, 62 per cent The Wassermann reaction was 
negatue The urine was normal Bence-Jones bodies were not sought for 

Treatmeni and Clinical Course — On Dec 11, 1920, the fibula was excised 
together with the area of tumor The leg was then irradiated The patient made 
an uneientful postoperatii e recoierj and returned home On Aug 1, 1928, the 
patient was readmitted to the hospital for large and painful glands of the left 
groin, the glands being the size of hickon nuts At this time, the edge of the Iner 
was felt 3 fingerbreadths below' the costal margin, although the lungs were 
apparenth normal The hmph glands were remored and on section were found 
to contain tumor The leg was irradiated at Dr Howard A Kelle\ s Hospital, 
but the clinical course was continuallj downhill and the patient e\entualh suc- 
cumbed with diffuse internal metastases A.fter the patient’s admission to the 
hospital, the temperature ranged from 994 to 100 F 

Gloss Pathologic Observations — ^The specimen consisted of the lower two 
thirds of the fibula, which contained a tumor mass The periosteum was thickened 
abo\e and below the mass and appeared to be continuous with the capsule sur- 
rounding tlie tumor The bone was eroded as though worm eaten, and the bon% 
trabeculae were seen running at right angles to tlie shaft into the subperiosteal 
tumor mass The tumor was well circumscribed b^ the attenuated periosteum 
Micioscopic Observations — The tumor was composed of much fibrous tissue 
surrounding areas of round and o^old cells of uniform size The c^'toplasm of tlie 
cells was indistinct, staining a pale pink with eosin A.n occasional area of old 
bone was seen surrounded b\ tumor cells Giant cells were not seen 

CvsE 5 — Histoi\ — S, aged 21, white, was admitted to the Johns Hopkins 
Hospital on Oct 21, 1913, complaining of a swollen left shoulder The famih 
liistor\ and the patient’s preMOUS historj were nonessential The present 
illness had begun fire months prior to admission with a small lump in the left 
shoulder which gradualh grew until it had reached considerable size For the 
last three months before admission the shoulder had been painful both dar and 
night, but the nocturnal pain was tlie more serere There was no historr ot 
trauma 

Ph'tSical Examination — Examination rercalcd nothing of interest sa\e at the 
site of the lesion 0\cr the head of the lett humerus was a large, alnio-t 
spherical swelling roughh as large as an orange It was e\ err where smooth and 
indurated but not bonr On palpation it appeared to be directh continuou-. with 
the sheath ot the humeru' There was definite atropln below the elbow joint 
There was no general or local cle\-ation ot the temperature 

The blood count showed white blood ceils II 600, hemoglobin 87 per cent 
pole morphonuclears, 52 8 per cent The urine was normal Bence-loncs liodie- 
were not sought 
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hcatmcnt and Cowse~On Oct 28, 1913, resection of the upper end of the 
humerus was done with a subsequent transplantation of bone Early in 1914, 
amputation was performed The patient died from the tumor in September, 1914 
Mia oscopic Obseivatwns — Although sections are not available at the time of 
writing, Bloodgood, in a recent classification, placed this tumor microscopically 
in the Ewing sarcoma group 

Case 6 — Htsfoiy — F B, white, aged 22, was admitted to the Johns 
Hopkins Hospital on Jan 8, 1918, complaining of pain and swelling in the region 
of the left knee The family history and the patient’s previous history were non- 
contributory The present illness had begun two years before admission with pain, 
which was more or less persistent One month later, a swelling was noted m the 
region of the right knee Six months prior to entry, the patient joined the army, 
his condition having been overlooked Six weeks prior to hospitalization, the 
patient consulted an army surgeon because of pain in the knee on riding a horse 
Physical Evaimuahon — Examination revealed nothing of importance save a 
swelling above the knee surrounding the lower end of the femur On palpation, an 
irregular, hard mass was felt, but there was no tenderness or edema of the soft 
parts The glands m the left groin were larger than normal The popliteal artery 
was easily palpated over the tumor mass There was some limitation on flexion 
of the joint 


Tieatment and Clinical Com sc — Soon after admission of the patient to the 
hospital, the involved leg was amputated just below the trochanter of the femur , 
the glands m the groin were removed The patient at the time of writing has 
remained well, without irradiation, for nine years following the operation 

Gloss Pathologic Obseivatwns — The specimen consisted of the greater part 
of the femur, which had been sectioned longitudinally The lower part of the 
femur was encircled by a periosteal growth, largest on the posterior side of the 
femur, with considerable thickening of the cortical bone There were spicules of 
bone radiating out into the tumor at right angles to the cortical bone (fig 7) The 
deeper or intercortical surface, the cancellous bone and marrow cavity appeared 
grossly normal 

Microscopic Obseivations — The tumor was composed of small round cells 
arranged in large alveoli, separated by dense fibrous tissue In the tumor cells, 
many cross and longitudinal sections of thin walled blood vessels containing blood 
were noted Bone lamellae were observed within the fibrous tissue between the 
areas of tumor cells 


Case 7 — Histoiy — M R, white, aged 8, a school girl, was admitted to the 
Johns Hopkins Hospital on Jan 17, 1896, complaining of an injury with subse- 
quent tenderness and swelling of the upper part of the left leg The familj 
historj and the patient’s previous history were noncontributory The present 
illness had begun nine months before admission, lyhen the patient fell on the left 
leg It became tender for a few dajs and then apparently was well Three 
months before the patient’s admission, the mother noticed a swelling m the 
anterior portion of the lower part of the child's leg, and the child complained o 
some pain that was much worse at night The tumor gradually increased in size, 
occasionalh regressing, only to become again somew'hat larger 


Physical Lvaiiiinalion — The patient was a well nourished girl, presenting 
nothing abiioriiial sa\c at the site of the lesion Oier the upper third of the le t 
tibia, a swelling was noted apparently not in\ol\ing the head of the bone Iht 
swelling was firm and tender, the skin was normal, except for the increase in tlic 
size of peripheral \essels and slight edema in the region of the tumor mass fhe 
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temperature of the patient while she was in the hospital, ranged between 98 6 and 
100 F The blood count was within normal limits The urine showed no 
abnormahtv 

Trcafiiiciit and Cltincal Course — imputation was performed soon after the 
patient’s admission Eighteen months after the injun, nine months after the 
operation, tire patient showed metastases to the cemcal %ertebrae and subse- 
quenth succumbed to the tumor 

Gloss Pathologic Observations — \ periosteal growth began at the middle of 
the tibia and extended to the epiph\seal line The periosteum was thickened but 
not perforated The tumor showed a fine, gra\ ish-w hite, granular growth con- 
taining spicules of bone The shaft of the bone was imaded b\ the growth There 
was little formation of new bone and considerable destruebon of bone 

Mici oscopic Obsers.ations — ^The tumor was composed of small round cells, 
some of which were arranged in small aheoli The compartments of cells were 
separated bi strands of fibrous connectue tissue 

C\SE 8 — Histoiy — C, white, aged 6, was admitted to the Johns Hopkins 
Hospital on Aug 20, 1919 complaining of pain in the left leg The famiK histon 
was noncontributorj The patient had suffered an injur 3 to one leg (side not 
mentioned) at the age of 1J< lears, otherwise the histon was without bearing 
The illness in question began one \ear before admission, with pain in the left leg 
and a slight fe\er There was no redness or swelling o\er the surface of the 
leg The fe^er subsided in a few da^s, and there was no furtlier trouble until 
Aug 13, 1919 Then the lower part of the left leg became red, swollen, paintul 
and hot 

Physical Eraniination — Examination repealed a white bo^, with a slight 
general glandular enlargement Results of the general ph\sical examination were 
otherwise negatl^e except for the condition at the site of the lesion The left leg 
was swollen from the knee to a point just abo\e the ankle The oierhing skin 
was tense but not reddened There was no increase m surface temperature On 
palpation, a firm, indurated mass, not tender and not fluctuant, was noted in the 
region of tlie left tibia, apparenth continuous with the sheath of the tibia An 
x-raj picture showed a lesion similar to siphihtic osteom^ ehtis The temperature 
during tlie period of admission ranged between 99 4 and 101 F Laboratori 
obsen ations were not reported in this case except for the urine, which was normal 
Bence-Jones bodies were apparenth not sought The white cell count was 13,000 
Tieatinent and Cluneal Course — The patient died of tumor m September of 
1920, one jear and one month after the operation 

^Iici oscopic Observations — The tumor was composed of small, round and oi'al 
cells staining a uniform deep blue No nucleoli were seen in the nuclei, and little 
or no cNtopHsni was found There were numerous small blood ^essels tra%er5ing 
the section of the tumor 

C\SE 9 — Histoiy — L G, white, aged 20, a laborer, was admitted to the 
Tohns Hopkins Hospital on April 6, 1907, complaining of pain about the cocc\x 
The famih histor\ and the patient s prc\ lous iii'.ton w ere noncontnbutora The 
present illness had begun se^en montlis before admission with trauma to the right 
hip a slight pain Imiiig been felt in the cocc\geal region lor a short time pre- 
Moush The pain became more trequeiit after the trauma Four months beiore 
admission, it became constant and conconiitaiith the patient noted a beeinninc 
laineiic-s with the formation ol a tumor in the region ot the hip He al-o noticed 
a loss of 20 pounds (9 Kg) in weight o\er a comparatueh short period oi nine 
Defecation and urination became painiul 
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Physical Ei animation — The patient was a young white man with considerable 
loss of subcutaneous fat The glands in the neck and in the groin were enlarged 
The results of the general physical examination were otherwise negative, except 
for the condition at the site of the lesion On the dorsum of the right ilium, a 
smooth, hard, round swelling extended to the right margin of the sacrum The 
blood and the urine showed nothing of unusual interest There was no record 
of Bence-Jones bodies Previous to admission an exploratory operation had been 
performed at a neighboring hospital On admission to the Johns Hopkins Hos- 
pital, the condition was found to be inoperable, and only enough tissue was removed 
for diagnosis This patient was not heard from subsequently 

Mici oscoptc Obseivatwns — The tumor was composed chiefly of small, round 
cells of the Ewing type In places, these cells were separated by bands of eosin 
staining fibrous tissue Here and there we saw hemorrhage and coagulation 
necrosis Giant cells were not seen 

Case 10 — Histoiy — S H, a white man, aged 24, was admitted to the Johns 
Hopkins Hospital on Nov 3, 1892, complaining of pain in the upper part of the 
left arm The family history and the patient’s previous history were noncon- 
tributory The illness had begun in May, 1892, six months prior to admission, with 
pain 111 the left deltoid region, which at times was severe, with aching and 
throbbing Two and one half months before admission, following a strain of the 
left arm, swelling began and gradually increased with, at the same time, extreme 
tenderness on pressure There was edema of the lower part of the arm and of 
the hand, which remained constant after the swelling m the arm had become 
noticeable 

Physical Exannnation — The results of the examination were negative save for 
the affected limb, which showed a swelling in the middle third of the humerus 
extending to and above the shoulder joint and into the axilla The skin over this 
tumor mass was edematous and red The blood and the urine at this time were 
normal Bence-Jones bodies were not reported 

Tieatnient and Clinical Com sc — On Nov 3, 1892, an exploratory operation 
was performed, and a diagnosis of sarcoma was made Amputation at the shoulder 
joint followed a few days later Metastases to the glands were found in the axilla 
at this time Death occurred a few months later from internal metastases 

Mici oscoptc Obseivatwns — The tumor was composed of small, round cells, 
well preserved about the blood vessels, m places, with peripheral necrosis, while in 
many areas one found masses of tumor cells with no particular arrangement 
Strands of fibrous tissue were seen dividing the tumor into compartments Spicules 
of bone were undergoing absorption surrounded by the tumor cells 

Case 11 — Histoiy — M C, white, aged 17, a housewife, was admitted to the 
Johns Hopkins Hospital on Aug 20, 1902, with a complaint of pain m the upper 
part of the right arm The famih historv and the patient’s previous historj were 
noncontnbuton The illness had begun three months before hospitahration ^vlth 
pain between the elbow and the shoulder of the left arm There was no historj 
of trauma A concomitant swcUing the size of a hen’s egg appeared in the same- 
region The swelling was first poulticed, later aspirated and then, six w'ceks later, 
incised, a blood clot being remoied The tumor grew rapidlj following the 
incision One week before admission, the skin oicr the tumor became bluish and 
edematous Another incision was made, and this had not healed at the time of 
admission The pain was intermittent and of aarjing seieriti , it iisuallj was a 
dull shooting iiain There was considerable cdemi of the right forearm at times 
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Plnsical Eiaininatwn — The patient was well nourished, and apparenth in the 
best of health, e'.cept for pale mucous membranes The affected limb re\ealed a 
lusiform tumor a little below the middle of the upper part of the right arm, o\er 
which, m part of its extent, a scar and an ulcerated area were found The tumor 
mass was apparentK firmh attached to the humerus, it was not tender and not 
painful The temperature following admission ranged from 99 to 100 F The 
urine re^ealed nothing of interest Bence-Jones bodies were not reported The 
hemoglobin content of the blood was 75 per cent 

Ttcatmcnf and Chmcal Gout sc — On Aug 22, 1902, the arm was amputated at 
tlie shoulder joint The patient made an une\entful reco^er^ 'X. few weeks later, 
some enlarged axillarj glands were remo\ed, which showed metastases The 
patient apparenth did well for a time Then there was a gradual recurrence m 
the stump The patient became emaciated, tlie area of the right breast became 
imohed, and the patient died of tumor nine montlis after the operation 

Gloss Pathologic Obscnations — spmdle-shape tumor surrounded the shatt 
of the humerus The shaft was roughened In the tumor tissue between the shaft 
and the periosteum, tliere w ere islands of bone of irregular shape, and the cj Imder- 
like blood vessels were filled with blood clot The greater part of the tumor was 
so hemorrhagic that its character could not be made out The nonhemorrhagic 
portion was pearh white, fineh granular and friable The entire tumor was 
encapsulated from the surrounding muscles 

Micioscoptc Obseivafwits — The tumor was composed chiefli of small, round 
or elongated cells, with no giant cells In places, a penthelial arrangement could 
be made out There was a great deal of hemorrhage between the cells, and there 
were large ^essels filled with blood 

Case 12 — J H C, white, aged 24, a farmer, was admitted to the Johns 
Hopkins Hospital on !March 19, 1899, complaining of pain and discomfort m the 
right leg The famih histon was of interest onh in that it re\ealed considerable 
tuberculosis m the famih The patient’s histon prenous to the illness was nega- 
tne The illness m question had begun three jears before with trauma of the 
right leg The same leg was retraumatized one jear later, when the patient fell 
and fractured the right femur There was no swelling or otlier CMdence of tumor, 
and the leg was treated for simple fracture But apparenth the leg did not heal 
Nine months betore admission, an operation was performed and much macerated 
tissue and about a quart ot stained fluid was remoied from the affected limb 
Subsequenth an amputation was performed The patient had become emaciated 
and weak, but after the operation he gained in weight and was about on crutches 
until one week before the admission under consideration Then the stump was 
aspirated and an amount of blood\ fluid was remoied 

Physical E laiiiinatioii — ^The patient was poorh nourished and emaciated, but 
otherwise apparentl) normal, except for the right stump This was enlarged and 
swollen, with mam dilated aeins at its distal portion The line of incision was 
normal The tumor mass m the region ot the stump was hard resilient and 
uniform throughout The surface was smooth There was good motion in the 
hip joint 

Tnatincnt and Clinical Course — On March 24 1900 the leg was amputated at 
the hip joint, and the iliac glands were cxci'cd One month later, there was a local 
recurrence, with clinical mamie'talions ot internal metastases The patient suc- 
cumbed to the metastases The temperature during the period ot admission had 
ranged within normal hunts 

Giofs Pathologu Obici- aliens — \n encapsulated tumor almost complcteh 
filled the amputated stump Nothing was lett oi the bo ic but the articular car- 
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tilagc of the head of the femui The tumor was composed of a meshwork of 
hbrous tissue, in the cavities of which was seen friable, hemorrhagic, granular 
tissue Much destruction of bone was noted, but no formation of new bone 

Mici oscopic OhsovaHons — The infiltrating border of the tumor was composed 
chiefly of small, round and elongated cells with typical nuclei (containing a sparse 
scattering of chromatin granules) The tumor cells were arranged around cavities 
filled with blood, in some spots, the perivascular arrangement was beautifully 
preserved No pleomorphism was observed, and no intercellular stroma was 
noted Septums divided the tumor into lobules, a phenomenon often seen in soft 
parts invaded by the tumor 

Case 13 — H-istoty — P S, white, aged 11 years, a schoolgirl, was admitted to 
the Johns Hopkins Hospital on Nov 23, 1903, complaining of a tumor of the left 
leg The family history and the patient’s history previous to the illness were 
noncontributory The illness had began six months prior to admission, when the 
patient received a trauma of the lower part of the left leg and another slight 
trauma soon afterward At that time, soreness developed in the bruised portion 
of the leg, which became swollen and looked much inflamed There was a slight 
elevation of temperature The swelling was progressive, the skin became red and 
streaked in places Two months before admission, the leg became painful, the 
nocturnal pain being more severe than the diurnal pain On Oct 1, 1903, a 
physician was consulted, who advised blistering of the leg At a later date, he 
incised the tumor area Soon after this the pain recurred with increasing seventy 
Another physician was consulted, who operated immediately, incising the bone 
Pam decreased for a few weeks and then retuined in a more severe form and 
remained constant until the admission under consideration 

Physical E\ammatton — The patient was pale and thin, and had lost much 
subcutaneous fat She had a slight enlargement of the glands of the groin The 
results of a general physical examination were otherwise negative save for the 
lesion on the left leg, which showed a spindle-shaped enlargement in the region 
of the tibia On its anterior surface, a large mass protruded, appearing ulcerated 
with much erosion of tissue The area was covered by a foul-smclhng, yellowish 
discharge 

The blood at this time revealed a leukocyte count of 15,000 with hemoglobin 
40 per cent The urine was normal Bence-Jones bodies were not recorded The 
temperature subsequent to admission ranged from 99 to 100 F 

Tieatment and Clinical Com sc — On Nov 24, 1903, the leg was amputated 
through the thigh region The patient made an uneventful recovery However, a 
few ueeks after the amputation, metastatic nodules were noted m the right occipital 
and temporal regions of the skull, with some spasticity of the extremities The 
patient succumbed eight weeks after the operation An autopsy was not permitted 

Gross Pathologic Obseivaiions — A tumor entirely surrounded the left tibia 
The upper portion of the tibia was considerably expanded The greater part of 
the tumor u as necrotic and dirtj’’, jHlowish green, u ith a foul odor and a cheesy 
consistency Those portions of the tumor that were well preserved were soft, 
and a thick cellular fluid could be scraped from tlieir surfaces Tlic compact 
bone was much thinned, and tlic mcdullars caaitv wais filled with material looking 
hi c the rest of the tumor 

Hid oscopic Obsaz’atwns — A. mass of small, round and ovoid cells with indis- 
tinct c^toplasm was obser\ed 'Ihc nuclei were sparsely granular without any 
particular chromatin arrangement There were areas of hemorrhage with an 
occasion i! well preserved blood vessel Formation of new bone w is not noted 
but old bone was being resorbed 
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While conducting' a series ot obser\ations on tlie effect of intra- 
\enoush injected emulsified fat on the empDing of the gallbladder of 
cats, we fortuitous!} encountered a case ot pancreatic bladder Although 
tivent} -three cases of m ell defined pancreatic bladders ha% e been recorded 
in the literature during the last tn ent} -tliree Tears, the anomah is 
exceedingl} rare , it appears only in the domestic cat Since this is the 
first time an anomah of this sort has been obserred in our laboratort, 
and since its structure so satisfactonh supports the lirpothesis of a 
panel eatic origin, we are including the description ot the case in the 
sloT\h accumulating literature on aberrant pancreatic lobes and resides 
Borden’- (1925) not onlv described six nerr cases of the aberrant 
variation, but presented for the first time adequate histologic and 
embrrologic data in support of the origin for pancreatic bladders rrhollr 
independent of the extrahepatic biliarr sr stem Bean and Drer er - 
(1927) have added additional histologic data to our knorr ledge of 
pancreatic bladders These authors made a unique contribution in that 
ther shorred in their second paper a case of double pancreatic bladder 
in rvhich a smaller reside rras embedded in the rrall of the primarr one 
Although ther recognized a difference betrreen the gallbladder and the 
primarr' pancreatic bladder, ret in their opinion the identitr ot the 
smaller pancreatic bladder and gallbladder rras sufficient to establish an 
hepatic origin for both vesicles Borden^ (1929) horrerer shorred 
the error of this conclusion br calling attention to their published illus- 
tration in rrhich clusters ot glands lie rrithin the tunica mu'cularis of 
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the secondary vesicle Such structuies do not exist in the gallbladders 
of cats, but are common to pancreatic vesicles , thus Boyden concluded 
that the explanation that these vesicles are of pancreatic oiigin is still 
satisfactory Hitheito, some students of the pioblem of pancreatic blad- 
ders had asciibed to them an origin essentially hepatic, since they were 
thought to arise through clefts in the gallbladder or extiahepatic tract 
Earlier consideiation of the anomaly had not included any essential 
differentiation in the moiphology of the hepatic and panel eatic vessels, 
and they had been regarded as deiivatives of one and the same structure, 
although Miller * (1910) had claimed that possibly their origin was from 
the ventral pancreas Lewis'^ (1911) ventured the suggestion that 
pancreatic bladders are really double gallbladders, arising fiom a sub- 
dnaded hepatic diverticulum, which empties into subdivided cystic and 
common bile ducts In the development of the extrahepatic biliary tract in 
man, the facts may wai rant the assumption that such duplication as does 
occasionall}'^ exist may have its explanation in the double lumen which 
arises following the solid stage of the bile duct Double gallbladdeis 
and split cystic and common ducts in man, occasionally repoited in the 
medical literatuie, no doubt have an adequate embryologic explanation 
On the other hand, it is extremely difficult to account for these aberrant 
pancreatic structures in the porta Iiepatis of the cat on the basis of the 
embi3mgenesis of the hepatic diverticulum 

Boyden ® (1926), in a careful study of the development of the hepatic 
structuies in the cat, could not recognize at any time a solid stage of 
eithei the common or the cystic ducts This is intei esting in the light of 
the fact that cases involving split cystic or common ducts have nevei 
been observed in this animal, and is rather conclusive evidence that 
whatever such splitting does exist in other animals a cleft arising m the 
solid ductus cysticus or choledochus has occasioned the splitting The 
gallbladder m cats, on careful study of the development of the hepatic 
structures in the cat, could not lecognize at any time a solid stage of 
either the common or the cystic ducts This interesting in the light of 
the fact that cases involving split cystic or common ducts have nevd 
been observed in this animal, and is lather conclusive evidence that 
whenever such splitting does exist in other animals a cleft arising m the 
solid ductus cysticus or clioledochus has occasioned the splitting -The 
gallbladder in cats, on the other hand, possesses these solid stages during 

4 Miller, W S Pancreatic Bladders, Anat Rcc 4. IS, 1910 

5 Lewis, r T The Bi-Lobed Form of the Ventral Pancreas in iMamiTnls, 
Am J \mt 12 389, 1911 

6 Bolden, E A The Acccssor\ Gallhhdder An Embrioloprical and Com- 
parntue Stiidi of Aberrant Biharj Vesicles Occurring in Man ind the Domestic 
Mammals, \m J Anat 38 177, 1926 
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its embnonic growth toi in the 15 mm embno the entire lumen imoh- 
ing both the fundus and the neck, is filled ith a solid core of cells pro- 
liferated iiom the simple cohminar epithelium Subseqiienth isolated 
cletts aiise in this core, at fiist discontinuous the} ulbmateK tuse 
increase in size and restrict the original core of cells to slender trabecu- 
lae until at the 38 mm stage the distended form ot the i esicle has been 
1 estored and it is holloM throughout It oiild appear that the existence 
ot paired ducts and vesicles, as in these pancreatic anomalies must har e 
an explanation other than that first suggested by Lewis ^^'ere it not for 
the finer histologic disparit} that realh does exist bet\\een the biliarr 
and the pancreatic bladder the case of Beckwith " (1920), in which the 
r esicles of the cat are confluent at the necks, might have its explanation 
ill a subdivided hepatic organization And }et the paired ducts, con- 
tinuing from their point of confluence independent!} backward tlie one 
to the choledochus and the other to the lentral lobe of the pancreas, do 
not have a common origin in the light of newer knowledge of tlie 
embr} olog} of this region in the cat Accordmgh , one ma} onh postu- 
late that in the Beckwuth case a fistulous communication had been 
established betw'een the two structures hitherto independent 

In the case of pancreatic bladder under consideration, the t\\o vesicles, 
as well as their ducts, w^ere entirely independent down to the region of 
the ampulla, and in this sense is more or less identical to the instance 
recorded by Ma}er® m ISIS Pursuant to anotlier stud} the cat w'as 
killed by a severe blow' on the head, and opened and explored imme- 
diately L}ing closely adjacent to the gallbladder, and suspended from 
it by a double fold of mesenter} , w'as this flask-shaped pancreatic r esicle 
(fig 1 ) It w as pure w'liite and presented a striking contrast to the dark 
bluish-gieen gallbladder l}mg just dorsal to it The i esicle was rela- 
tnely w'ell distended with a w'hitish fluid of w'atei} consistence, which 
could be expiessed into the duct readih since the resiciilar wall was tar 
less resistant to pressure than the tunic ot the gallbladder Wnth the 
h}poderinic needle the white fluid was w'lthdrawn careful!} tested and 
found to be pancreatic juice as judged b} its proteohtic action There 
w as no evidence of bile in the fluid content of the r esicle 

Oiganic continuits did not exist between the trio resides at am point 
The} weie more closeh adherent, howerer at the lerel of the neck of 
the gallbladder where the two resides rreie firmlr bound br bands of 
fibrous tissue, one is forced again to recall the Beckrrith case in rrhicli a 
confluence had been established betrreen the trro structures at this lerel 

7 Bcckw ith Cora T Note on a Peculiar Pancreatic Bladder in the Cat 
\nat Rec 18 363 1920 

8 Ma\cr \ C Bla^e iiir den Saft des Pankreas -kreh l d ge- 
1 207 1813 
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In this case, howevei, the tunic of one could be readily fieed fiom the 
tunic of the other, thus the two structures should be recognized as 
organically distinct, arising fiom divergent anlagen It is not altogether 
improbable that had this animal continued to live for a consideiable 
period a fistulous communication might have arisen between the two 
structuies at this point, thus producing a condition identical to that 
described by Beckwith 

Below the approximated necks of the two vesicles, the respective 
ducts diverge somewhat and puisue their independent couise to the 



V 
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Fig 1 — Ll^er and duodenum of the cat The pancreatic bladder (left) is 
suspended from the larger gallbladder 

duodenum (fig 1 ) The choledochus, receiving the hepatic ducts, enters 
the wall of the duodenum at the customary level and opens by way of 
the ampulla into the gastro-intestinal tract The pancreatic duct, on 
the other hand, enters the anterior extension of the ventral lobe of the 
pancreas, joins the duct of Wirsung and subsequently unites with tlic 
choledochus at the ampulla In this cat, the ventral lobe of the pancreas 
extended torward to the lerel of the pylorus, at which point the duct 
coming from the reside entered pancreatic tissue 

The microscopic cridence m this case of pancreatic bladder entireh 
substnntntcs the conclusions of Borden, and since there is such disparitr 
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bet^^een tlie finer organization of tlie two lesides it seems adrisable to 
present this additional data which can hardh be explained on tlie hrpoth- 
esis of a “split” gallbladder 

Both pancreatic and biliary vesicles were fixed witli formaldehyde 
and maintained m the approximate state ot distention in which they were 
encountered Accordingly , tlie relative thickness of the respectii e tunics 
has not been essentially^ altered by fixation or procedures of technic 
Sections were stained with hematoxylin and eosin, and witli lan Gieson s 
stain 

Sections taken through the approximate center of the gallbladder 
passing through the fundus of the pancreatic \esicle reiealed at once 
the dissimilarity m the finer organization of the two structures (figs 
2 and 3) True both of them possess the tissues characteristic of biliary^ 



Fig 2 — Section of the will of the gallbladder through the approximate center 
of the lesicle , X 150 


vesicles and both possess rugae of varying proportions extending into 
the lumen but in the finer details the tw o are essentialh different The 
wall of the pancreatic tesicle is from three to fire times as thick as that 
of the biliarr reside a discrepancy due more essentially to the larger 
extent of the tunica propria in the tormcr The folds ot the mucosa 
extending into the lumen of the pancreatic r esicle are triple the propor- 
tions ot those of the gallbladder In the latter the rugae are of about 
unifonn height seldom branch and rarelr it erer unite at their tips 
Eren in the greatlr contracted gallbladder (Boyden'* 1925) the tolds 

^ Boidcn E \ The Ffftct oi Natunl rood<; on the Di=tciition ot the 
Gallbladder with a Note on the Change in Pattern ni the ^^ucoca aN It Pa^^Ca 
from Dieteiition to CoIIap'e \iiat Rec 30 '^3 1025 
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appeal more filifoim in section and have only a slight tendency to 
blanch In contiast, the lugae of the panel eatic bladder aie of varying 
heights and frequently they blanch, or become contiguous at then tips, 
forming thereby enlarged ciypts below the mucosa Furtheiinore, the 
cells forming the axes of these folds of the panel eatic mucosa aie more 
loosely ai ranged than those in the gallbladdei, wheie the tunica propiia 
forms a solid moie oi less compact structure Scatteied cells, perhaps 
of the histiocyte series, abound throughout the extent of the submucous 
coat m the pancreatic vesicle These could not be lecogmzed m the tunic 
of the gallbladdei 

Cells compiismg the mucosa of the panci eatic vessel are of the high 
columnar t3'pe with laige spherical nuclei basally placed The cyto- 



Fig 3 — Section of the wall of the pancreatic bladder through the region of 
the fundus , X ISO 

plasmic bodies aie extensively vacuolated, spongy or alveolar in content 
and m marked contrast to the granular cytoplasm of the mucosa of the 

gallbladdei Whethei these cells constitute an absorbing or a concenti at- 

ing mechanism, similar to that in the gallbladder, can only be postulated 
The extensive vascularity of the vesicle, however, mav suggest that the 
fluid contents, or portions of it, found its way into the organ by an 
absorptive route 

As indicated, all la}ers of the pancreatic vesicle are considerabi) 
thicker than corresponding portions of the wall of the gallbladder 
Muscle fibers hovc\er, arc relativel} scarce, and they are intertwined 
with the elastic fibers of the serosa and cells comprising the tunica 
propria so that it is difficult to differentiate muscularis as such 
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Adjacent to the muscle cell area is the serosa, consisting of a dense 
fibrous coat through iihich the larger rascular channels and the outer 
peritoneal Ia\ er course 

The neck of the tA\o resides are equalh distinctire in tlieir organiza- 
tion, and apparentl} the structures are rrhollv independent in origin 
The neck of the pancreatic bladder is simple in structure, and is onh a 
reduction m size of the distended fundus rrhereas the neck of the gall- 
bladder resembles in ererr rrar that of a normal bihan reside (figs 
4 and 5) 

The ducts ot the trr o bladders are histologicalh dissimilar throughout 
their entire extent and thus constitute iurther eridence that the struc- 



Fig 4 — Section through the neck of the gallbladder just distal to the rahe of 
Hcister X 45 


till es are orgaiiicallr independent The pancreatic duct r\ here it emerge; 
trom the portal lobe of tlie pancreas is about the size of the choledodius 
but does not possess the sinus-like glands, parietal sacculi rrhich char- 
acterize the lining of the biliarr duct In general the aberrant pan- 
el eatic duct in this case resanbles normal pancreatic ducts On entering 
the portal lobe of the pancreas the aberrant duct recenes ductules ot 
laiMiig size from adjacent pancreatic lobules and empties into tlie mam 
pancreatic duct which continues to the ampulla at the duodenum 

COMMFXT AND SUMUMia 

It seems assured that the relatneh high incidence ot pancreatic 
mateiial m the porta hepatis ot cats has its explanation m the hepatic 
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invasion of acinar tissue fiom the accessory lobes of the vential pan- 
el eas cluiing embryonic development Although an embiyomc vential 
liancreas similar to that in the cat develops in the pig, as has been 
shown (Boyden, 1925), the manner of the subsequent development of 
the hepatic diverticulum and the hepatic trabeculae rathei inhibits the 
anterior extension of these lobes into the poital aiea of swine Accoid- 



Fig 5 — Section through the neck of the pancreatic bladder The contrast 
between the mucosal patterns of the tw'o vesicles is striking, X 75 


High accessor} loiies of the pancreas rarely occur in the porta hcpatis 
m tins animal 

In inane animals pancreatic tissue occurs occasionally m the hepatic 
<irea Iliggins ( 1926) reported the ohsereation in a dog of an isolated 

10 Higgins G M \n \bcrrant Pnncrc is in the Wall of tlie G illliladdcr of 
tiic Dog \nat Rcc 33 149 1926 
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pancreatic lobe, buried in the wall of the gallbladder and communicating 
directl) with the lumen of the lesicle IMann (1920) had hitherto 
reported a case similar to this one, and since then has had occasion to 
observe another Boiden has observed onh 3 cases ot pancreatic 
lobes reaching to the gallbladder in 2 600 sheep, and 40 such aberrant 
lobes appeared in the same number ot cats It seems relatneh certain 
that it IS the same type of aiiomalj in all animals, onl) more pronounced 
in certain ones than m others, a fact, no doubt, of embr} oiiic significance 
Just wh), in certain cases, a lobe persists intact, retaining contmuiti with 
the major pancreas, entirel)' unrelated to the biliar) tract while m others 
fistulous connections arise between the t\\ o resulting in complete atrophv 
of inters ening portions of the pancreas tissue, are unanswered questions 

The various types of pancreatic anomalies m the portal region appear 
to fall into three groups, wdnch are more oi less indistincth defined The 
first of these imolves the existence of a pancreatic lobe which extends 
into the portal area, frequentl} as far as the gallbladder, but without 
fistulous connections with tlie gallbladder or h\pertrophied ducts tliat 
could function as a bladder The second group includes those cases in 
w Inch a pancreatic lobe has become attached to some part of the biliary 
tiact, into w'hich it continues to pour its secretions These lobes ma} 
have arisen in situ or the)' ma) represent fistulous portions of a detached 
portal lobe The third group of cases includes those anomalies of pan- 
creatic oiganization in w’hich the distal portion of the duct draining the 
\entral lobe has hvpertrophied in some wa) to torm a A'esicle Attach- 
ment to the hepatic diverticulum has carried these tissues cephalad, and 
the) are found at -various positions in the porta hepatis attached to some 
poition of the luer 

The various anomalies described are understood to be modifications 
of the same sort, and all are to be explained on the basis of embr)onic 
development The various cases described, in wdiich the aberrant pan- 
el eatic ducts or bladders are confluent with biliarv structures must be 
interpreted as the result of secondar) communications between the two 
and not on the basis of the dual concept of the hepatic diverticulum The 
histologic distinctions which maintain between the pancreatic structures 
on the one hand and the biliarv structures on the other, w hich ha\ e been 
described and are confirmed in this stud\, militate against a common 
origin for pancreatic and biliari aesicles 


n Mann F C \cci.«'!or\ Pancreas in the Dog \nat Rcc 19 26t 1920 



OCCLUSION OF THE AXILLARY ARTERY DUE 
TO PRESSURE BY A CRUTCH 

REPORT or TWO CASES 
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It IS well known that the prolonged use of a crutch may induce a 
transitory musculospiral palsy, but damage to the mam axillary vessels 
fiom the same cause appears to be an exceedingly rare phenomenon 
Five 3^ears ago, a patient with obliteration of the axillary artery due to 
pressure by a crutch came under my observation, and several months 
later, a second patient was seen Avith an identical lesion It was believed 
at first that these cases were probably unique, but later it was discovered 
that three similar cases had already been recorded two by Ryle ^ m 
1922, and one b}'^ Souques and Terris in 1924 ^ More recently, a fourth 
case has been described by Strieker ^ from the Strasbourg University 
Surgical Clinic In view of the undoubted rarity of “crutch throm- 
bosis,” It IS considered worth while to add the following cases to those 
ahead} on record 

REPORT OF CASES 


Case 1 — Hxstoi y — T K , a man, aged 38, was extremely crippled as a result 
of spastic paraplegia dating from early infancy (Little’s disease) He had ulti- 
mateh learned to walk with the aid of crutches, and in spite of his disability 
had worked in a useful capacity on his father’s farm Although two crutches 
w^ere necessary, as a rule, he w'as able to progress for short distances by resting 
his whole weight on the left crutch only and swinging his rigid spastic loiver 
limbs forward 

In April, 1924, he noticed for the first time a numbness in the fingers of the 
left hand Two months later, owung to pain and w'eakness m the wrist, he con- 
sulted his physician who discovered an absence of pulsation in the radial artery 
A week later, absence of pulsation was noted m the brachial artery The pain 
on exertion and the sense of weakness in the limb steadih increased 


Eramuiatiou — In July, 1924, when I saw the patient, the left upper limb was 
cold and abnormally pale, more especially m the forearm and hand Pulsation 
was completely absent in the radial and brachial arteries, the latter \cssel being 
palpable as a thickened cord The subclayian and proximal part of the axilhi' 
artery shoyyed pulsation equal to that of the opposite side The skin of the ham 


' Submitted for publication. Sept 11, 1929 
*rrom the Orthopaedic Sen ice, Ancoats Hospital 
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and lorearm showed no patches of duskiness or er\thema, and there was no trace 
of edema or distention of the superficial ^elns Xo disturbance of sensation could 
be demonstrated, and there was no objectne evidence of paresis 

The patient was admitted to the hospital for a more complete investigation, 
which confirmed the absence of cardiovascular disease A roentgen examination 
of the cervical spine, shoulder and upper limb revealed no bony abnormaliA The 
Wassermann test was negative A diagnosis of occlusion of the third part of 
the axillarj arter 3 due to pressure bj a crutch was made, and it was assumed 
that a fairlv satisfactorv collateral circulation had been established The patient 
was warned that the use of a single crutch was dangerous, and was advised to 
keep the limb warm, to avoid overexertion and to take great care of the skin and 
nails of the fingers 

Subsequent Prog) ess — For various reasons the pati?nt could not easilv come 
to the hospital for observation, but, occasional reports were received describing 
his progress Writing three and a half vears later he stated that he now experi- 
enced no discomfort in the hand and arm during ordinarj use, but that there was 
an occasional ache after considerable exertion In liis opinion the skin of the 
limb was normal in appearance, and the limb usually felt quite warm 

Cv.SE 2 — History — T A A , a man, aged 46, had sustained an attack of poho- 
mvelitis in early childhood Both limbs were affected, but considerable improve- 
ment had occurred in the left leg The right lower limb remained flail, and for 
main vears a walking appliance had been worn In recent vears this appliance had 
been discarded, and a crutch on the right and a stick on the left were used instead 
In walking no weight was borne on the flail limb, which merelv dangled in helpless 
fashion In the latter part of 1922, he became conscious of numbness and a feeling 
of coldness in the right hand and fingers This graduallv became more marked 
and later the right arm was noticed to be paler than its fellow Ten davs before 
the man consulted me, the arm had become verj painful, especiallv when used 
Eiaunuation — In March, 1925, the right arm showed extreme pallor extending 
from the finger tips to the shoulder region There was no edema and no disten- 
tion of the superficial veins On the middle and ring fingers, there were a few 
hemorrhagic patches in the skin over the base of the nail but no actual ulceration 
rile pulse was absent in the radial and brachial arteries A feeble beat could be 
felt high up m the axilla but the subclavian pulse was equal to the opposite side 
There were no sensorv disturbances and to objective tests the strength of the 
hand and forearm seemed undiminished A diagnosis of occlusion of the right 
axillarv arterv due to pressure bj a crutch was made The patient was urged to 
discard his crutch and to attempt weight bearing on the flail limb with the aid of 
i caliper splint The usual precautions for the care of the hand were emphasized 
Subsequent Progress — When the patient was examined two veari later, the 
hand and arm were found to >:how a much better color, and the limb could be 
u'ed ircelv without discomfort 

COXtXIENT 

In the cases observed bv Rvle and bv Souqiies and Terns the con- 
dition ot the affected Innb at a later date is not recorded Strieker s 
case IS notable, ovvang to the development of gangrene in the fingers 
a complication that was treated bv arteriectomv (Leriche There are 
sev eral points of considerable interest in the clinical picture of thrombo- 
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arteritis caused by piessuie fjom a crutch In the first place, the 
absence of any sign of venous compression is remarkable, for it is well 
recognized that primaiy thiombosis of the axillary vein may be pro- 
duced by a comparatively trivial injury Gould and Patey,“ who have 
recorded eight cases of this unusual vascular lesion, suggested that the 
thrombosis is the result of the rupture of a delicate valve by pressure 
of the subclavius muscle when the vein is distended during expiration 
How the axillary vein escapes damage from pressure by the crutch is 
thus not easy to explain 

It IS evident that arterial occlusion from pressure by a crutch is 
ordinarily a gradual process which gives ample time for the develop- 
ment of an efficient collateral circulation Until compensation is fully 
established, the subjective and objective symptoms of ischemia (pain 
on exertion, paresthesia, etc ) are well marked, and for a time there is 
a iisk that trophic ulceration or gangrene may follow But if the 
affected limb is protected from further injury and overexertion is 
avoided, there is every prospect that little or no impairment of function 
or nutrition will ultimately be demonstrable This sequence of events 
IS well illustrated in the two cases which form the subject of this paper 

It IS further necessary to emphasize the dangers that attend the 
prolonged use of the ordinary type of axillary crutch, and particularly 
when the whole body weight is borne by a single crutch The more 
careful fitting of crutches in general and the adoption of the “elbow 
pattern have undoubtedly made crutch palsy increasingly unfamiliar 
These precautions will also tend to minimize the risk of the more 
serious vascular lesion Persons with severe residual paralysis of the 
lower limbs should be provided with efficient walking appliances, and 
taught to use one or two sticks The dangling leg and single crutch 
should never be countenanced 


5 Gould, E Pearce, and Patey, D H Bnt J Surg 16 62 (Oct) 1928 



SUPPURATION IN THE SUBPHRENIC REGION 

\MTH SPECIAL REPEREXCE TO PRISIA.R\ IDIOPATHIC LH'ER AND 
SbBPHRENIC ABSCESS ' 

JOSEPH SCHWARTZ, MD 

Junior Attending Surgeon and Associate in Surgical Pathologj, Lebanon Hospital 

NEW \ORK 

For the purposes ot tins paper, owing to the similann in the chnical 
manifestations of subphrenic and nonamebic li\er abscess, these two 
conditions are considered together, an additional reason being that the} 
are often associated in the same patient and their surgical management 
IS identical 

Any localized collection of pus in contact with the undersurface of 
the diaphragm is considered by Barnard ^ as a subphrenic abscess He 
also included am liver abscess which is near the surface and more or 
less intimateh associated w ith the diaphragm This designation appears 
proper in view' of the similant} of the clinical features as presented 
in the cases of both liver and subphrenic abscess This similanU is so 
great m mam of the cases as to make a differential diagnosis either 
difficult or impossible 

A suppuratne process in the subphrenic space and luer occurs 
under a ^a^et} of arcumstances Infection usualh reaches the sub- 
phrenic regions b^ direct extension or through the hmphatics m such 
acute abdominal conditions as perforated gastric or duodenal ulcers, 
acute appendicitis and follow ing operations on the bilian tract A col- 
lection of purulent exudate under the diaphragm most commonl} the 
right half is not an uncommon postmortem observation m patients 
w ho haA e died of a diffuse peritonitis of appendical origin or peritonitis 
from other sources Patients who recover Irom a serious pentoneal 
imohement mav at some subsequent time have an abscess m the sub- 
phrenic space 

A retrocecal gangrenous appendix inav involve the subphrenic area 
bv exten<iion of its infection along the retropentoneal cellular tissue 
I have found large collections of purulent exudate in the left sub- 
phrenic space 111 two fatal cases of perforated gastnc carcinoma and in 
tvv o others vv ith suppurativ e lesions of the spleen 

SubmiUccl for publication Sept 3 1^529 
* Read before the Bronx Surgical Societa April 22 1020 
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Infections in the kidney less commonly give use to subphreiiic 
abscess An empyema thoiacis is rarely complicated by a sub- 
phrenic abscess In approximately 150 consecutive cases of emp}cma, 
I have neiei obseived this complication, nor have I ever discovered it 
post moitem in fatal cases of empyema 

Beye - studied 190 cases of empyema with this association in mind 
and found one case in which trauma to the diaphragm during operation 
was piobably lesponsiblc 

Whipple,^ in studying 1,000 cases of subphrenic abscess, found 
that 25 pel cent weie due to lesions of the stomach, 21 per cent of the 
appendix, 16 per cent of the biliary tiact and 5 per cent of the duo- 
denum, the lest being secondary to lesions of the kidney, spleen, 
pancreas and lungs 

The hvei may become infected from several sources, the avenue of 
infection being the blood stieam or the poital system Any infectne 
lesion in the gastio-mtestinal tract may give rise to liver suppuration, 
the most common being acute appendicitis Septic material is trans- 
ported from a thiombophlebitis of the mesentery of the appendix 
thiough the poital vein to lodge m the portal branches where it causes 
the well known clinical lesion, pylephlebitis This complicates from 
01 to 0 4 pei cent of all cases of acute appendicitis In one of my 
cases pylephlebitis complicated suppuiative mesenteric glands Tiopical 
dysentery is well known as a foreiunnei of amebic solitary abscess of 
the liver 

Multiple small hematogenous liver abscesses are not infieqiientlv 
seen post mortem as pait of a grave general infection of the blood 
sti earn 

Any septic focus in the body may give rise to a hematogenous 
tiansport of a septic embolus with localization in the hvei where it 
may form a solitary hvei abscess One hvei abscess of that tjpe 
developed in a patient with a lung abscess 

Long-standing infection m the common bile duct not infrequently 
causes an ascending biliaiy infection, suppurative cholangitis and mul- 
tiple cholangitic hvei abscesses 

Large penetrating peptic ulcers attached to the liver have given rise 
to suppuiation of the liver 

In my cases trauma has not exerted any influence m their 
development . 

Five of the cases reported in this paper were liver abscesses an 
three subphienic of the primal y idiopathic type differing from those 

2 Be\e II L Tnnsphrenic Infection Report of Ten Cases, Arcli Suto 
14 240 (Jnn ) 1927 
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alluded to in the foregoing general discussion in that no etiologic basis 
was found for their existence 

No clinical or postmortem observations w'ere discovered which could 
be held responsible 

There was no historv of biharj disease, appendicitis or anv other 
intra-abdominal lesion There was no historj of d3senterv, and evi- 
dence of it could not be demonstrated Amebas vv ere not found m the 
pus or in the scrapings from the abscess vv all 

It appears likely that some crjptogemc intection gave rise to a 
hematogenous transport of septic material which localized m the liver 
or subphrenic space 

PATHOLOGY 

The t3pe of lesion produced varies with the nature of the iirimarv 
lesion In p3 lephlebitis the liver is large and swollen and on section 
ma3' show small thrombi in the portal branches or distinct suppuration 
If the condition is adv^anced, there ma3'' be liver destruction with mul- 
tiple coalescent abscesses If the suppuration is secondar3 to iniected 
bile passages, the liv^er is also large, swollen and greenish, and on section 
the bile channels are found to be distended with a greenish purulent 
exudate The end-result is multiple cholangitic abscesses 

In the multiple hematogenous abscesses, the hv'er is swollen and is 
the seat of man3 small scattered abscesses such as those lound m the 
other organs in grav e general infection 

The liver abscesses m fiv^e cases presented here were large single 
and situated in the right lobe of the liver near the surtace In two it 
w'as multilocular and at first gav'e the impression that thev might have 
been multiple The abscess wall was unusuall3 thickened and gravish 
The content of the abscess was a greenish, purulent exudate var3ing 
troin 250 to 1,500 cc The abscesses appeared as if thev had existed 
tor a long period The liver was much enlarged, and the capsule was 
thickened, especiall3" that part overl3ing the abscess In tour ot the 
cases the abscess perforated into the subphrenic space and tormed w hat 
ma3 properl3 be called a “subphrenic-hepatic ’ abscess In case 5 it 
peiforated the diaphragm and formed a circumscribed abscess iietwecn 
the low'er lobe of the lung and the liver In cases 7 and S the abscess 
was breaking through the lateral chest wall in the lower part The 
liver mav be intimateh associated with the diaphragm and firmh 
attached to the chest wall, as was present in case 7 

In the primarv' idiopathic subphrenic abscess, as in tlie secondarv . 
it mav be situated in an3 one of the six anatomic regions oi the sub- 
phrenic space described bv Baniard These spaces are right and lelt 
anterior mtiaperitoneal right and left posterior intraperitoneal and 
light and kit cxtraperitoneal The absce-scs are usiialh large ind sur- 
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rounded by a zone of maiked inflammatoiy leaction In cases coming 
to autopsy, theie was a laiiety of pathologic changes in the lungs, such 
as maiked fibiosis and moderate dilatation of the bronchioles, espe- 
cially in the lung conesponding to the side of the subphrenic lesion 
Aieas of bionchopneumonia and bilateral pulmonary furuncles were 
seen The latter weie undoubtedly caused b} extension from the local 
seat along the lymphatics oi blood stieam 

The organisms most commonl}' found weic strej^tococcus, staph) lo- 
coccus and colon bacillus In the secondai) type anaerobes are fre- 
quentl)'- found In those of m)' cases in which pleural fluid was aspirated 
it was found to be cleai and stiaw-colored and ie\ealed the presence of 
gram-positive and giam-negatne organisms on smeai but failed to grow 
when cultured These oiganisms were piobabh attenuated by the 
bactericidal piopeities of the same 

CLINICAL AND DIAGNOSTIC FEATURES 

Any patient who has had an acute intra-abdoininal infection may 
develop secondary subphienic oi hvei suppuration and should be watched 
carefully for the signs and symptoms of the same 

The secondary subphrenic and liver abscess lends itself moie readily 
to eaily lecognition, especially if the primary condition has recenti) 
preceded it A patient may leasonably be suspected of having pyle- 
phlebitis if subsequent to an opeiation for acute appendicitis he suddenl) 
runs a septic temperature with chills, sweats and jaundice and has bile 
in the urine and tenderness over a laige liver The knowledge that such a 
primary condition not infrequently gives rise to this complication should 
offer a clue for a sear ch and early recognition The symptoms of this 
complication may appear from a few days to seveial months after the 
antecedent primary infection This antecedent disoider may be for- 
gotten or even appear irielevant to those unfamiliai with the symptoms 
of this complication 

When a secondary Iivei abscess or subphrenic abscess develops, the 
clinical features are similar to the primary idiopathic subphrenic lesion 
The primary idiopathic subphienic and liver abscess or a combination 
of both offers greater difficulty in their detection because no antecedent 
lesion IS present to offer some clue A liver abscess constituted an 
unexpected obseivation at autopsy'^ in one of my cases m which it was 
not even suspected 

The onset in the eight primary cases reported here was slow an 
insidious There was generalized pain sometimes localized to the chest, 
an elei ated temperature, chilly sensation and a slight cough Grip was 
the condition thought to be present m every^ case by^ the phy'sician m 
attendance After a short period of advised rest, temporary improie 
ment followed The patients continued in a state of ill health, wi 
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malaise, increasing %\eakness and elevation in temperature When the 
clinical features assumed a more serious aspect, the} were referred to 
the hospital Pain was the outstanding svmptom and was usuallv 
located on the side corresponding to the lesion sometimes in the right 
or left upper quadrant, in the costal margin or in the low er part of the 
chest postenorly At times the pain was sticking and referred to the 
right shoulder or to the left m a left subphremc lesion 

Pam was most pronounced when penhepatitis w^as most marked 
There was a slight cough, usually nonproductive, rusty sputum was 
never present, jaundice was present in one case It is more common 
in pylephlebitis and cholangitic abscesses It usually draws one’s atten- 
tion immediately to the liver, and in case 4 it was of considerable aid 
m the prompt recognition of the liver abscess 

Tenderness of vaiynng degree is alvvajs present if the lesion has 
existed for some time 

The patient is case 4 presented marked tenderness and some rigiditv 
m the right upper quadrant It may sometimes best be elicited bv 
anteroposterior or lateral compression of the lower part of the chest 
wall A sense of fulness or a mass and even fluctuation mav be 
detected 

The liver was markedl} enlarged in one case in which it was pal- 
pated five fingerbreadths below the costal margin In liver abscesses 
the liver is usually enlarged, but failure to palpate it may be caused 
by the fact that the enlargement takes place under the diaphragm, which 
It pushes upward When palpated, however, it can be felt below the 
free border of the nbs 

Edema over the lower axillary^ part of the chest on the side of the 
abscess was present in four cases It generall} appears when the lesion 
IS well advanced, and is absolutely characteristic and positive evidence 
of a subphremc abscess or a liver abscess which had perforated into the 
subphremc space This sign cannot be depended on in the early diag- 
nosis, as it appears late in the disease 

Examination of the chest revealed vanous signs such as rales dul- 
ness to flatness bronchial breathing and diminished fremitus, all of 
which led to an admission diagnosis of pneumonia or pleurisy wath 
effusion in ev erv case Eliason ■* reported such diagnostic error in four- 
teen cases of liver suppuration before a correct diagnosis was arnved at 
Pancoast ® also admitted errors of ‘=uch nature prior to his familiaritv 
with the roentgen evadence of subphremc suppuration 

The secondarv changes in the chest were so predominant at first as 
to overshadow completelv the exact nature of the lesion, which was not 

4 TZlncon 12 L Surg G\ticc. Obn 42 SIO 1*'26 

5 P^nco^':t H K \m T Roentgenol 16 1926 
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revealed until the loentgcn examiiicition and fluoioscope presented the 
evidence which is now known to be characteristic of a subphienic or 
liver abscess Until then the loentgen lay confiimed the clinical opinion 
of a condition of the chest 

The roentgen featuies of a hvei oi subphienic abscess aie elevation 
of the diaphragm and limitation in exclusion The height of the dia- 
phragm vanes with the location of the abscess and with its nearness 
to the dome of the diaphragm 

In case 1 the roentgen signs appealed late because the abscess evi- 
dently began low down neai the diaphiagmatic attacliment and reached 
the dome when the abscess was well advanced In case 7 the elevation 


of the diaphragm was slight, because the abscess was perforating 
externali)'' through the chest wall and away from the dome 

Restiicted motion also depends on the extent of the pathologic 
change It is more maiked in subphienic than in liver abscess because 
there is usuallj'- greater inflammator}'- reaction in the former which 
binds It to the chest wall In case 4 the lesion was thought to be in 
the liver, because theie was free exclusion although the diaphragm 
was distinctly elevated 

Two cases showed the presence of an with a fluid level below the 
diaphragm 

It cannot be emphasized too stiongly that loentgen examination 
should be repeated frequently whenevei such a lesion is believed to be 
developing 

Constitutional symptoms were pionounced and became piogiessivcly 
worse until the abscess was drained oi until death occuried 

The temperature usually ranged between 100 and 103 F with an 
elevation of from 105 to 106 F The couise did not resemble that seen 
m pylephlebitis except m case 4 If the abscess was well encapsulated, 
the temperature was of low grade 

Chills or chilly sensation were common Sweating was a constant 
and troublesome symptom, m the advanced cases there was profound 
debility and marked emaciation 

The examination of the blood showed a white count ranging between 
13,000 and 28,000 with a high differential count A marked secondary 
anemia was present in some cases, necessitating transfusion The entire 


attitude was one of great anxiety and grave illness 

A diagnostic puncture of the subphrenic space oi liver is advised b) 
some although it appears to be a highly dangerous procedure with httk 
ad\antage to the patient It should never be done outside of the 


operating room, where one should be prepared for immediate operation 
In any case in which one has reason to suspect such a condition it 
IS far safer to explore this territory undei local anesthesia in order to 
establish its presence or absence Direct palpation and visualization 
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through this incision \m 11 usually jneld sufficient information to gmde 
one in the turther management of the case 

Case 1 prompted this plan in the absence of more defimte eMdence 
Through a left lumbar oblique incision suggestive pathologic changes 
in the kidne} and perinephric space ^\ere excluded The left extra- 
pentoneal subphrenic space was explored, and a large, apparentl} 
mflainmator} mass was discovered The discover}-^ of the mass led to 
the location of the abscess Pus eren then was obtained ivith great 
difficult} and onh after ser eral punctures in different areas under direct 
visualization, but at least it was obtained without danger of infecting 
foreign territory In case 6 diagnostic puncture resulted in infection 
of the pleural cai it}”- v hich later necessitated an operation for empi eina 

TRE\T1IEXT 

The secondary subphrenic and Iner abscess ma} be pre\ented in 
certain cases if one is familiar with the ^arlety of conditions vhich are 
responsible Prompt recognition and proper management of these pre- 
ceding mtra-abdominal infections preclude the spread of infecti\ e mate- 
rial along any of the avenues which reach the Iner or subphremc space, 
vhen the complication does occur, the management is the same as in 
primari abscess 

Earl} recognition and timeh operatue intervention should be the 
aim of eiery surgeon and clinician, lest fatal secondary pathologic 
changes ensue 

Supportne measures should be instituted as earh as possible 
Transfusions are highl} beneficial for patients with secondaiy anemia 
large quantities of 5 per cent dextrose injected intra-\ enously are espe- 
cially indicated ^Vhen the patient is so poor an operatue risk, such 
preoperatu e therapeutic measures often tide him o\ er the shock incident 
to ei en so slight an operation 

The method of approaching the abscess cannot be goierned bi am 
rules as each case is indu idual The choice of approach should depend 
as it did in mv cases, on the location of the abscess as indicated by the 
signs and simptoms I haae chosen either the anterior or posterior 
route or the combined routes wheneaer it appeared that adequate drain- 
age would be best secured Contamination of the pleural and pentoneal 
caMties IS the great danger one must guard against When leasible a 
two-stage operation is adiisable to insure the formation ot adhesions 
about the lu er or subphrenic space, thereb} excluding it from the pleural 
and peritoneal caMt} When this field is proper!} isolated the abscess 
IS opened and drained thorough drainage is essential This ina\ not 
onh be enhanced b\ the proper use of the aspirator at the time ot 
operation but ma\ be repeated in bed This procedure was earned out 
in case 4 Supportne treatment should be continued until the patient u 
well adianced toward rcco\cr\ from this prolonged illness 
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MORTALITY 

The outcome depends on several factois the extent and location 
ot the abscess, its duiation and the extent of secondary pathologic 
changes, which alone may be sufficient to terminate life A pylephlebitis 
is invariably fatal, multiple liver abscesses and an undrained liver or 
subphienic abscess aie usually fatal According to Lockwood,“ m the 
cases in which operations aie performed, the mortality rate varies 
between 20 and 50 per cent In the pnniar}'’ t 3 fpe, it seems that the 
mortaht}^ late is apt to be gieatei, because it is slight!}^ more difficult 
to recognize One of the three patients with a pnmar}" subphrenic 
abscess died without having been operated on Three of the five patients 
with abscess of the livei died , two were operated on several times, but 
foi secondary collections of pus apparently remote fiom the huge pri- 
mal y livei abscess winch was undiscoveied until after death, the thud 
died of a diffuse peiitonitis as a result of leakage of pus into the 
peiitoneal cavity 

It IS well known that spontaneous lupture of a subphrenic abscess 
ma}^ occur into almost any adjacent organ or space In one, it per- 
forated into the pleuia, resulting in almost immediate death, another 
1 uptui ed into a bronchus , in two, it was breaking through the chest 
wall and appeared in the lower part of the axilla as a fluctuating area 
Spontaneous rupture may occur into any hollow organ, where spon- 
taneous cure may result 

In one case reported here (case 7) and in another case of secondary 
subphienic abscess following acute appendicitis, the pus gravitated to 
the perinephric region and gave the clinical signs of a perinephric 
abscess Incision and drainage of the perinephric abscess did not result 
in a cure in the latter case until at a second opeiation a sinus tract was 
traced to the right subphienic space, where a huge collection of pus 
was drained , rapid recovery then took place The patient in my case 7 
was not so fortunate 

COMMENT 

Objection might be made to the terminology of pi unary liver or 
subphrenic abscess as applied to the eight cases repoited in this paper 
I have tried to avoid this designation, but because of the absence of 
any evidence of the usual causative factors I feel justified m this 
decision 

In case 1 the patient had a severe pjmiia, the souice of which could 
not be determined , the kidney corresponding to the side of the abscess 
showed no gross pathologic change The association of the pjmria and 
subphrenic abscess is purely speculative The patient in case 6 had an 
emp>ema thoracis subphrenic and liver abscess One might argue m 

6 Lockwood A L Stirfr G\nec Ohst 33 502 1921 
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^a^or ot a diagnosis ot primarj empjema with the other lesions sec- 
ondar\ , the facts fa^ or the rer erse 

The patient in case 4 gare a historr of jaundice and pain in the nght 
upper quadrant one tear betore, which lasted tor only one week This 
is strongl) suggetne that some biliar}' intection was present which 
recurred at the present time leading to a In er abscess 

That some obscure undiscotered gastro-intestinal lesion was present 
cannot be affirmed It is not unhkel) that some form of infection, 
knowm common!} as grip, was present, but no causal relation could be 
established 

One might interpret the changes in the lung as real pneumonia and 
a primary source of the subphremc lesion I can sar w ith almost abso- 
lute certainty that the lung is compressed b} the elerated diaphragm 
and the plural fluid The latter changes promptly disappear after the 
abscess is drained and the diaphragm returns to its normal position If 
extension takes place from the lung to the subphremc region, one w ould 
have to imagine a retrograde l}mph flow' 

COX'CLUSIOXS 

1 Liver and subphremc abscesses arise without demonstrable foci 
of infection, thus constituting the primaiw and idiopathic trpe 

2 The recognition of this condition is usualh late, when it is well 
ad\ anced 

3 The condition is most commonl} mistaken for pneumonia or 
pleurisy with effusion 

4 The roentgenograms and fluoroscop} aid m disclosing the lesions 

5 The roentgen features are (a) an deration of the diaphragm 
w'lth restricted excursion, (h) the presence of air with or without a fluid 
lerel beneath the diaphragm and (c) intrathoracic changes leading to a 
diagnosis of pneumonia and pleural effusion 

6 The mortahtr rate is high because the condition is either not 
recognized at all or is recognized so late that extensne associated 
pathologic changes hare taken place or because the abscess is inade- 
quateh drained In the patients in rrhom the cases were recognized 
earlr and rrho were operated on promptlr the mortahtr rate was greath 
reduced 

KFPORT or c r'JCS 

1 — P R n nnn acccl 47, wa*; firtt ‘^cen In me o>i Mar 3 1928 because 
oi niikl pain in tlie ■aiprapubic rcg^ion ot three dar-,’ duration •’ud una^'ociated 
with other ‘irmptoni'i Phr 'ical examination failed to rereal cridcnce oi abdom- 
inal di'eacc Tlicre was a moderate number ot pui ceils in tlie urine, the prostate 
rras not enlarged and a marked phimosis rras prc'ent The lollor me dar there 
was shcht difiicultr m roidme the number oi pus cells in tbe urine Imd increased 
Rotniem r\ammation m the cenito unnarr t— >ct laded to rereal anr cridc'’ci 
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of calculi On the following da>, a circumcision was clone so that a cystoscope 
could later be introduced to study the urinary tract The wound was healed in 
ten days Frequency of urination, dysuna, pyuria and a rise in temperature con- 
tinued for several days, there was no abdominal or kidney tenderness Sore 
throat, generalized pain and chilly sensations developed, in other words, a condi 
tion that proved to be a grip infection The patient looked septic, and was advised 
to enter the hospital on May 21 On admission, the temperature was 103 f , 
respirations 23 and pulse rate 100 In the right side of the chest posterior^ at 
the base, a feu subcrepitant rales were heard, and later signs of lobar pneumran 
developed The abdomen was soft but not tender No masses were felt me 
blood showed white blood cells, 12,000, polymorphonuclcars, 76 per cent, and 
lymphocytes, 24 per cent The urine had large amounts of pus clumps A U ida 
test, chemical analysis of the blood and blood culture gave negative results m 
ten days, the pneumonia of the right lower lobe had resolved almost completed, 
and the left lower lobe was involved, this w'as confirmed by the roentgen ra^ 
Cough was slight, with little expectoration, the sputum did not show utie 
bacilli and was negative for types 1, 2 and 3 pneumococcus The lemoo o 
1 educed to 55 per cent, the white blood cells were now 18,400 with a high 

ential count frited 

The patient looked profoundly septic A transfusion of 300 cc o ‘ 
blood was gneii m bed Signs in the left side of the chest coM>nued for abou 
two weeks, at which time fluid was thought to be present m . Ljjral 

There was now pain in the left lumbar region, with marked left 
tenderness Roentgen examination of the chest showed an unreso P . 
with some fluid on the left side On fluoroscopy, the diaphragm ® 
on both sides The course was still septic, there were profound '' 
anemia , the hemoglobin was down to 42 per cent , sweating was 
constant, and emaciation was marked Another transfusion of 
blood was given About six weeks after admission, a tap cram-nositne 

chest resulted in 30 cc of clear straw-colored fluid which contained „ P 
cocci that failed to grow on culture, tubercle bacilli were no buigu'S 

culture was sterile About two months after admission, there was S 
and edema over the lower part of the left side of the c es m jn^pression 

part This sign uas persistent and seemed to favor a previous cli 
that a subphrenic abscess existed and that the changes m le e 
chest Here secondary Within the following week, 5 cc , roentgen 

colored flo,d „a, aspirated from the left side of the chest R'featrf roe, 
examination and fluoroscopy showed unresolved pneumonia wi consul- 

moderate pleural effusion Exploration of the left subp irenic sp too 

ered mainly on the clinical features, but this procedure , c to me 

radical without the usual roentgenologic evidence which was fluoros- 

About two days before the operation, the last roentgen e^annna i . ^ and 

copy reiealed the left half of the diaphragm to be slightly more 
restricted m excursion Another transfusion was given Uperatio ‘ , 

taken on Jul> 31, about ten weeks after the patient’s admission o 
An incision uas made over the left kifiney, because it appe^c ' diaplingm 
abscess might be present which extended to the under surface o i of 

The left kidney and perinephric space were found lacking m gros ^ 
disease When the hand was insinuated upward toward the diap ”■ .^ftcr 

mass ins discovered iiliich was obviously inflammatory Pus was j^gpUiis 

seieral punctures, the abscess iias opened and drained The P”® t'lcnt'- 

coh on smear and culture There was considerable postoperatiic s oc 
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four hours, but following that con\alescence was uneventful The patient was 
discharged twentj-four dajs after the operation The dram had been removed 
a long time before and the wound was almost entire!} healed He is now well 
It mav be of interest to mention that the pathologic changes m the chest disap- 
peared almost entire!} a few davs after the operation 

CvSE 2 — A S, a woman, aged 44, was admitted to the hospital m March, 
1927, with pain m the left side of the chest and elevation m temperature The 
present trouble began five weeks previousl} with sore throat, fever and malaise 
She vvas told that she had grip and was advised to stay m bed for a few davs, 
temporary improvement followed Three weeks before admission the s}mptoms 
recurred, but were more aggravated Pam vvas sticking m character and more 
marked on inspiration, there were chill} sensations, a slight cough and fever 
Her previous history was unimportant except for pneumonia six }ears betore, 
and diabetes was present for seven vears 

On admission she looked acutelv ill and slightl} c}anotic The lower part 
01 the left side of the chest was sensitive to anteroposterior compression There 
was also a small area of bronchov esicular breathing over the base of the left lung, 
with an increase in transmission of spoken and whispered voice The abdomen 
was tender m the left subcostal region, and the muscles were spastic but not 
rigid , there w as tenderness ov er the left kidne} as elicited bv first percussion 
The temperature ranged between 99 and 102 F throughout the entire course. 
The white blood count was 16,800, with a differential count of 84 per cent polv- 
morphonuclears and 12 per cent l}mphoc}tes, the red blood count was 3,800,000 
The urine showed a moderate number of white cells More tenderness gradualh' 
developed m the left upper quadrant, also a mass which at first gave the impres- 
sion that It was a kidney mass The latter being excluded b} cvstoscop} and 
roentgen examination, a left subphrenic abscess was stronglv considered This 
mass grew larger and nearer to the ensiform, where it showed fluctuation Roent- 
gen examination five da}s after admission showed no gross changes in the lungs 
the left half of the diaphragm vvas higher than normal M a later examination, 
the stomach showed no evidence of an organic lesion 

Four weeks after admission a large left subphrenic abscess was drained 
through an incision over the fluctuating area Staphylococcus aureus was cul- 
tured from the pus The patient made an uneventful recoverv and vvas dis- 
charged nine davs later with a small sinus 

Case 3 — \ R, a man, aged 35, was admitted to tlie hospital m -^pril, 1926 
with severe pain in the right side of the chest and fever The onset ol the present 
illness vvas four months before, when he noticed that he tired ea=ilv had pains 
111 the limbs and a slight rise m temperature varying between 100 and 102 F 
he was told tint he had grip, so he rested for several davs Three week-, before 
admission, he developed pain in the right side of the chest which was aggravated 
on inspiration, the pain radiated to the right shoulder One week betore admis- 
sion the temperature began to run a septic course, he perspired freelv and became 
verv weak, there was no cough or bloodv expectoration \ roentgenogram oi the 
chest before admission failed to reveal an} changes in the lungs 

On examination, although he seemed well developed he had lost weight, he 
perspired profiiselv The right side of the chest was dull at the base anteriorlv 
and postenorlv , there was diminished breathing, no rales vvere present The 
heart was pushed shghtlv to the lett The abdomen vvas soit, not tender there 
was some pain on anteroposterior compression oi the lower right side oi the 
chest 
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I lu lcin)Ki,itiiu \\,is iOl J- , lilt jniisc i ilc was vtrj rapid, and respiration 
It limes w' IS rajiid llie bloorl siiow'cd 20,000 wiiile cells, willi a differential 
(cjiiiit of 82 per cent jjoljmoijilioiniele irs ind 18 jier eciit lymphocytes The con 
dition w IS rc^irdfcl cs pleiiiisy w-itli effusion On ispiration, 200 cc of clear 
scnnis sti uv-eolorecl (Uiid w is oht lined from the iiKht side of the* chest wliieli 
show* cl no or>' misins cjii smi ii or culture iml no tubercle bacilli Bronchial 
lireatlimj^ w' is hefiid iftn the chest wis lipped Slight tenderness clcveloped in 
the iijijier rjincli ml A few d ivs liter, the chest w is lijipcd again and 15 

ee of Slim) ir /lind wis obtained 

live diys iftei .tdmission, locnlgen c''ammafion levelled the right half of 
the clniihrigm to be higher than noiinii Miioroseopy sboweci dimiiiislicd ereiir- 
sKin , there was ilso a small iir podeet lielow the diajiliragm 0 lie rociilgciiolo 
gist's opinion WIS lint there wis i lesion below the right half of the diaphragm, 
pnibiblj in ibscess 

J wo weebs after admission, a loi nlgeiiogr mi eonlirmed the previous report 
md revealed i dense homogeneous shadow in the right bisal region, which was 
mterjireled as jileuial effusion 

J he clime il ionise wis distmrlly septic, the )ntii nt was progressively getting 
worse, wcahiess wis extreme, ind profuse jiersjni ition was const int He su'l 
lU III} went into collipsc, Ins pulse became very ripid, dmost imperceptible, there 
V. IS III irked eymosis, rales weic lie ird over the eiiliic chest Dcitli followed 
Immcdut'Iy after cieitli, ispir.ition of the cliest levealecl seropurulcnt fluid 

J lie suhjihrenie sjnee wis ilso puneUtred, and 250 ee of purulent exudate wis 
oht lined Autopsy wis refused It ippears likely lint the siihphrcnie abscess 
perforited into the light iileuiil eivity c.uismg almost siuleleii eleith At this 
time, the pleuril fluiel did not show any oigimsm on smcir or culture Guinea' 
jiig mocul ilion filled to show evidcnec of lube leiilosis j hrough some error, the 
suhjihrenie exud ite wis not examined haetei lologie illy 


Casi d — C L, i mm, iged 40, w.is idimtteel to the hosjiitd m Fehriin>, 1929 
J line wick'; hefoie, lie sudeleidy opeiieiieed .i shuj), sticking jiain in the right 
iipjier epudrant Ife Ind some fever iiid a slight cotigli Ills coneliHon w'ls 
tliouglit to he influen/a, so he w is idvised to st ly in bed fot one week, ifter 
which he imjiroved Ife left the city for two weeks, but wlicn he returned In 
use m temper iture and cough leturned Jaundiee Ind ilso developed IBs 
history was ummjiortmt, exeejit tint he hehevecl tint he Ind hid i similar con 
dition djoul one ind one-hilf >eirs In foie, which listed for only one week, after 
which he Ind felt well until tlic jiresenl time 

On eiitrince to the liosjnt il, he looked acutely ill .md was moelcr,iteIy jaiindictf 
Jliere were fine ei lekling i lies it the iigiit h ise jiostenorly, hicilh sounds were 
dmnmslieel , the left side showeel no elniigc J he ihelomcn levealed a 1 irge hser 
reiehmg fi\i fiiigerbre idtlis below the eostil miigm, m irked tenderness was 
jircsent m the nghi ujijier ejindt mt and also m the right costovcrtehr.d mge 
I he urine die] not show my elnnge Ihc temper ilurc wis 104 F , rcspiratio". 
25, mel tlie wdntc Idood count 16,800, with a ehffcrential count of 88 per cen^ 
Iiolymorjdiomie le irs me) 12 jicr cent l)mpho(ytes On admission a di.ignosis u 
jinenmom 1 w is nnele firhl , then i provisioinl elngnosis of suhphrenic or 
ihseess \ IS promptlj m ule, .md wis confirwal by the roentgen ray < 
fliioroseojij 

1 lie roentgen c'" inimUioii eliscloscel iiifiltrition it the right liase, the ne > 
Inlf of the eh iphragm w is sliglitlj luglici tinii iiorm.il , below the dnphrigm \ as 
•-fen iir v ith c fiend level, eli ijihr igitntie excursion w is slightly rcstricltd ' 
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conclusion was that an abscess of the Iner was present, although a subphrenic 
abscess could not be excluded 

Immediate exploration through an incision m the right upper quadrant disclosed 
a large abscess in the liaer when it was puctured The needle was left in situ and 
the li\er was packed all around to wall it off from the peritoneal caMt\ , fort\- 
eight hours later, the abscess was opened and drained, 1,500 cc of pus was 
obtained bj suction For three dass following the operation the patient’s course 
was septic, but tliereafter he made an unesentful reco\er\ and was discharged 
thirti-fi\e dajs later 

Case 5 — “k B, a man, aged 30, was admitted to the hospital in December, 
1927, complaining of sore throat, pain in the chest and back and chilb sensations 
and feser, all of which began six da>s before A. phvsician diagnosed his condi- 
tion as grip After a short rest in bed, he improsed Shorth after he experi- 
enced a tired feeling, pain in the chest and chillj sensations , he perspired freeh 
It was belies ed that pneumonia was de\ eloping When he entered the hospital 
he looked acuteh sick 0\er the right side of the chest postenorh there was 
diminished tactile and socal fremitus There was flatness to percussion at the 
right base, and no rales, breath sounds were distant and bronchos esicular The 
abdomen ssas soft, not tender or rigid in ans part 

The diagnosis ssas pleurisj ssith effusion 

The temperature ssas 102 F, respiration, 22, and pulse rate, 100, the urine 
shossed a trace of albumin, a fess granular casts and a moderate number oi 
sshite blood cells, the blood count ssas 14,000, with a differential count of 85 
per cent pols morphonuclears and 15 per cent IsTnphocs-tes The patient's course 
continued septic The blood culture ssas sterile A roentgenogram of the chest 
fise dass after admission failed to reseal anj gross changes in the lungs Tsselse 
dass after admission, 50 cc of clear, strass -colored fluid ssas aspirated from the 
right side of the chest, no organism ssas obtained on culture of this fluid Ot 
the cells present, 95 per cent ss ere pols morphonuclears and 5 per cent Is mphocs te? 

Another roentgenogram taken sesenteen das’s after admission shossed a homo- 
geneous shadoss m the right side of the chest from the sixth rib dossn, merging 
ssitli a shghtls elesated diaphragm The diaphragm mosed f reels The roentgen 
obsers ations suggested a lesion beloss the diaphragm, probabls m the lis er, because 
of free excursions of the diaphragm 

The follossmg das the ninth rib in the postaxillars region was resected the 
pleura ssas pushed ass as from the diaphragm and a liser abscess ssas opened and 
drained, the pus contained nonhemoljtic streptococci The follossmg das the 
abdomen ssas markedls distended and tender, more markedls m the losser quad- 
rant The abdomen ssas opened, because an intraperitoneal infection ssas sus- 
pected, no exudate ssas found The old abscess ssas explored through the 
old incision, and tlien an incision parallel to the right costal margin ssas made 
A large quantits of pus ssas esacuated The patient’s condition ssas desperate 
the pulse ssas sers sseak and rapid, the temperature ssas 106 F , death ensued 
the following das 

At autopss, a large multilocular abscess ssas found m the right lobe ot the 
liser this had perforated into the subphrenic space and then through the dia- 
phragm to form a localized collection of pus under the right lobe of the lung 
The right lung ssas compressed at the base Both lungs contained mans small 
abscesses There ssas a diffuse peritonitis due to leakage of pus from the liser 
abscess along the right lumbar gutter, sshere most of the exudate ssas found 
C\SE 6 — K B a man aged 47, ssas admitted m September 1926 complaining 
of pain 111 the right side of the chest and feser which iiad dcs eloped thirteen das' 
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before after exposure to ram He was compelled to remain m bed for a few dajs 
on account of marked weakness and chills 

On admission, he looked acutely ill The temperature was 101 F, and res- 
piration, 35 Over the right base posteriorly there were flatness, diminished tactile 
fremitus and distant tubular breathing In the right upper abdominal quadrant, 
tenderness and slight resistance were present, the white count was 13,000, with 
88 per cent polymorphonuclears and 12 per cent lymphocytes A tentative diag- 
nosis of pneumonia with pleural effusion was made The chest was tapped, and 
purulent exudate was obtained at the eighth interspace The following day, part 
of the eighth rib was resected for what appeared to be empyema, some purulent 
exudate was obtained The patient’s course remained septic with the temperature 
ranging between 101 and 103 F , sometimes higher The pus from the empyema 
showed gram-positive cocci on smear, but no growth on culture It was negative 
for pneumococcus types 1, 2 and 3 A chemical analysis of the blood and urinaly- 
sis gave negative results 

Two weeks after admission, a roentgenogram of the chest disclosed the right 
half of the diaphragm higher than normal, and the fluoroscope showed diminished 
excursion , these observations suggested a lesion below the diaphragm In the 
right upper quadrant, a tender, bulging mass developed which was thought to 
be an abscess of the liver On September 22, an abscess of the liver was drained 
through a right upper rectus incision Three weeks later, a subphrenic abscess 
was drained through the old incision The pus from the abscess of the liver was 
sterile Staphylococcus auteus was obtained from the subphrenic abscess The 
patient made an uneventful recovery after the last operation, and was discharged 
on November 9 

It seems more likely that a primary abscess of the liver was at first present, 
nhich perforated into the subphrenic space and then subsequently infected the 
pleural effusion, causing empyema 

Case 7 — H K , a woman, aged 27, came to the hospital on July 7, 1924, with 
pain 111 the right costal margin and fever She had pneumonia three months 
before and remained in bed for ten weeks Since then she had pain in the right 
side of the chest posteriorly and in the right costal margin , it had been much 
worse for the past five weeks , she had lost weight and had become considerable 
weakened 

When she entered the hospital, she appeared pale and had a few fine rales at 
the right base posteriorly There was tenderness of the right costal margin an 
the lower part of the right side of the chest posteriorly, which was best elicite 
by anteroposterior compression of the right side of the chest 

The temperature was 102 F, the pulse rate 90, and respiration, 20, hemoglobin 
was 66 per cent, and the white blood count was 16,200 The urine was norma 
The chemical analysis of the blood gave negative results A few days aft^ 
admission, there was tenderness in the right loin and costovertebral angle 
perinephric abscess was suspected Cystoscopy and roentgenograph}' failed to 
reveal an\ e\idence of pathologic changes in the gemto-unnary tract 

Tvo weeks after admission, an area of induration and fluctuation, 3 inches 
(7 6 cm ) in diameter developed, w'hich was apparently adherent to the tenth to the 
twelfth ribs m the right axillary region, a puncture in this area failed to re\ca 
pus A. roentgenogram of the chest at this time showed a few fine infiltrations m 
the right base from the seienth rib to the diaphragm, there were no gross changes 
m the left lung The right half of the diaphragm W'as limited in excursion 

\n incision o\er this indurated area oier the right side of the chest reieac< 
the presence of pus probabh an abscess of the chest wall The pus showed no 
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organisms on smear or culture The discharge graduallj dimmished, and a small 
sinus remained Fi\ e n eeks later, induration de% eloped about the sinus, so further 
exploration \\ as done , the tenth nb \\ as resected for about 2 inches (5 cm ) A 
small amount of purulent exudate was again drained Healing had again resulted 
in a persistent fistula The pus was sterile, no tubercle bacilli were found and no 
eiidence of actinomi cosis The patient was discharged on No\ 12, 1924, with a 
sinus in the lower right side of the chest region which was persistent She 
returned on Jan 12, 1925, when the sinus was again explored and found leading 
downward anteriorh to the pleura, where a small collection of purulent exudate 
was discoiered Stal’hylococcus aureus was now' present in the pus There was 
no eMdence of malignanc\ The Wassermann reaction was negatne Roentgen 
examination of the chest showed partial obliteration of the right costophremc sinus 
with a few fine infiltrations in the right lung The ribs did not show e\idence 
of osteom) elitis 

The wound again healed, but a persistent fistula remained The patient was 
discharged on March 6 

She was readmitted on June 2 She continued to lose weight, and was becom- 
ing more anemic, emaciated and w eakened , tlie temperature w as low grade 
Exploration of the sinus at the time traced it down to a large perinephric abscess 
which contained se\eral ounces of pus There was still limitation of the right 
half of the diaphragm The source of the trouble was finally thought to be 
located The wound healed in a few weeks, but again a sinus tract which was 
discharging seropurulent exudate remained She was discharged on August 9, 
and readmitted two weeks later On her last admission, a roentgenogram still 
showed limitation in excursion of the right half of the diaphragm with infiltration 
in the right base Gumea-pig inoculation of the sputum failed to produce tuber- 
culosis She continued down hill and her septic appearance became progressneK 
worse Blood culture was sterile The sinus continued to discharge 

One morning, No\ ember 10, while sitting up m bed she suddenlj went into 
collapse and died, about seienteen months after her first admission 

On postmortem examination, a huge abscess of the liver was found in the 
right lobe, which had perforated mto the subphremc space The liver was firmh 
bound to the w all of the chest b 5 cartilaginous-hke adhesions The diaphragm w as 
also adherent to the liver The abscess appeared very old, as its wall was unusu- 
allj thick and cut like cartilage The right lung showed a considerable degree 
of fibrosis with dilatation of the bronchioles and bronchi There were several 
small abscesses in both lungs 

The abscess was undoubtedlv primary and was completely overlooked The 
perinephric collection of pus was a secondary gravitation abscess The only sug- 
gestive evidence of the existence of this lesion was a persistent elevation and limi- 
tation of the right half of the diaphragm I tailed to appreciate the significance 
ot this sign because of mv lack of experience in cases of this tvpe 

C VSF S — L H , a man aged 29, came to the hospital on Jan 24 1923, com- 
plaining of pain in the right side of the chest, cough and fever He became ill 
SIX weeks before, when his phvsician advised him to stav in bed lor several davs 
believing that he had the grip -^s he did not improve he was taken to another 
hospital, where he remained lor two weeks \ roentgen examination of the chest 
then revealed no gross changes For the past two weeks, he had had severe pain 
in the right side of the chest and on the dav of admission he discovered a tender 
area over the right side of the chest He had had chillv sensations and was con- 
sidcrablv weakened since the illness 
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Examination revealed the patient to be markedly emaciated, anemic and septic 
The right side of the chest was almost flat to percussion up to the angle of the 
scapula , breath sounds were markedly diminished , subcrepitant rales were present 
At the lo\\er postaxillary region of the right side of the chest, there was a large 
fluctuating area which did not pulsate The first impression was that an empyema 
necessitatis existed 

The temperature varied usually between 100 and 103 F with elevation to 
105 F , respiration was 25, the white cell count was 28,800 with a differential 
count of 94 per cent polymorphonuclcars and 6 per cent lymphocytes A roent- 
genogram of the chest disclosed partial obliteration of the right costophrenic sinus 
uith the presence of fluid, the right half of the diaphragm was higher than 
normal, suggesting at that time a lesion below the diaphragm which was also 
slightly limited in excursion An incision over this fluctuating area disclosed a 
large abscess cavity leading in a downward direction and apparently extrapleural 
The pus emitted a foul odor resembling, that of a colon bacillus infection A 
culture of the pus revealed a nonhemolytic streptococcus The course of the 
illness continued septic, he had repeated chills, perspired profusely and showed 
a marked weakness, with wide variations in temperature 

A roentgenogram taken eighteen days after this operation still showed a high 
diaphragm, but less high than before 

A second operation was done four weeks after the first m order to secure 
better drainage A portion of the tenth rib was removed This did not improve 
the condition 

On Feb 25, 1923, he suddenly complained of severe pain in the right side oi 
the chest, a choking sensation and difficulty in breathing, he coughed incessantly 
and raised large quantities of foul-smeilmg pus 

An abscess had appaiently perforated into a bronchus He improved slighth, 
although he continued a septic course w ith severe chills , blood cultures were 
sterile His condition became progressively worse until his death, which occurred 
two months after his admission 

Autopsy revealed a huge abscess in the right lobe of the liver which had per" 
forated into the subphrenic space The right lung showed marked fibroses and 
was intimately associated with the diaphragm The bronchioles and bronchi were 
moderately dilated A communication between a bronchus and the abscess in the 
liver could not definitely be demonstrated, although there were sufficient sug- 
gestive evidence that such perforation had occurred at some previous time The 
entire pleural cavity was obliterated by dense adhesions There were a few small 
abscesses in both lungs 



THE CAUSE or DEUTH FOLLOWING RAPIDLY THE 
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In a preMOUS paper/ the fatal effect ot continued loss of the entire 
external secretion ot the pancreas after intubation of the mam pan- 
creatic duct u as described Death occurred m trom fi\ e to eight da^ s 
At that time the cause ot death remained unexplained A fe\\ studies 
ot the blood showed dehydration and reduction m the chlonde con- 
centration, and unexpectedh an increased alkalinity in the serum, an 
obsenation difficult to explain on the basis of extensne loss of such 
an alkaline secretion as the pancreatic juice Further examination ot 
the e^'ldence, ho^\e^er, reiealed the fact that these obser^atlons on the 
blood weie made in dogs that had \omited considerably a s\mptom 
of the gastnc irritabiliD almost always present to more or less se\ere 
degree in animals thus deprned of pancreatic juice Vomiting, it was 
soon noted w as apt to be sei ere m animals that drank copioush , or in 
those giien fluid by gaiage W'hen the\ did not dnnk or when water 
was withheld, lomiting was practicalh absent The observation ot th 
increased alkahniti of the blood m these earh experiments was not 
deemed a sufficient cause for death As the return of the secretion to 
the duodenum rapidly restored an animal to health it was supposed 
that the juice might contain some substance necessary for lite 

A decisne answer to these questions has been made possible by a 
recent stud's of such intubated animals care being taken to prei ent loss 
of gastric contents by i omiting Full details of these experiments ha's c 
been reported elsewhere- It was found, briefl\, that when total loss 
of pancreatic juice occurred under stenle conditions and in the absence 
of vomiting the blood shortly before death showed extreme concen- 
tration w ith marked reduction in base bicarbonate and pn i e uncom- 
pensated acidosis Such observations are what one might expect from 
a consideration of the alkaline composition of pancreatic juice - WTen 
sc'vere Tomiting occurred in addition, the acidosis was less marked 

* Submitted for publication, JuU 3 1929 

*From the Departments of Surger\ and ot Pediatrics Washington Unuersin 
^^edlcal School and Barnes and St Lo us Children’s Hospitals 

1 Elman R and McCaughan T M T E'^per Aled 45 561 1927 

2 Hartmann \ F and Elman, R T Exper ^^ed 50 387 1929 
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absent oi even leplaced by alkalosis due to the supei imposed loss of 
acid gastric juice, thus explaining the early observations 

PROTOCOLS 

The following piotocol desciibes the obseivations in a typical 
experiment 

Protocol 1 — Dog 20 was operated on on Dec 19, 1928, and a cannula was 
placed in the main pancreatic duct to collect the entire secretion of the pancreas as 
described before * Blood was obtained before operation for chemical analysis The 
first day 260 cc of sterile pancreatic juice was obtained The amounts secreted 
in the succeeding twenty-four hour periods were as follows 400, 205 320, 365, 
440, 320 and 145 cc Each specimen was clear, odorless and sterile as determined 
by cultures on blood agai as well as by examination of the sediment from cen- 
trifugated samples Death occurred on the eighth day after operation with evi- 
dences of marked dehydration, asthenia and gastric irritability The vomiting, 
however, was miminal and the amount of fluid actually lost in this manner did 
not exceed 200 cc No treatment was given Blood was obtained thirt> hours 


CJiangc<! vi the Blood Senim in Dog 20 




ifterSix Dajsof 


Bcfoie Operation 

Drainage 

Carbon dioxide content, per cent bj volume 

55 0 

2S5 

Sodium chloride, milligrams per 100 cc 

600 

473 

Nonprotein nitrogen, milligrams per lOO cc 

SO 

147 

Lactic acid, milligrams per 100 cc 

18 0 

26 5 

Total base, milligrams per 100 cc 

152 

117 

Protein per cent 

70 

934 

ViL 

7 40 

733 


before death, that is, on the sixth da> of drainage The changes, as shown m 
the accompanying table, were those of uncompensated acidosis 

At autopsy, which was performed a few minutes after death, the peritoneum 
was clear and no infection was noted in the pancreas or collecting system The 
heart was firmly contracted, the liver was engorged with blood and the bloo 
was so concentrated that it did not flow from the cut aorta or vena cava ^ ^ 
stomach was small and contracted, the intestines were empty 


• It should be emphasized that the method used m these experiments 
peimitted the collection of the entire twenty-four hours’ secretion o 
the pancreas under sterile conditions in a closed sj'^stem Gamble and 
Mclver ® recently reported similar observations in two dogs with open 
pancreatic fistula Their animals lived for several weeks in contrast 
to the rapid death in our experiments In large measure the difference 
IS probably due to the difference m the amount of secretion lost to 
the bod} In dogs draining pancreatic juice through an open wound, the 
inevitable licking of the fistula restores some of the secretion an 
the inflammatory changes in the pancreas always present in such cases 


3 Gamble, T L and }if elver, M A J Ex per Med 48 849, 1928 
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otten cause a marked diminution m the amount of juice secreted These 
circumstances probabh account for the longer hte in their dogs 

Additional proof that this rapidl} fatal outcome was due to simple 
chemical changes -was the fact that death could be prerented and life 
prolonged during drainage of the pancreatic juice b} the administration 
of sufficient Ringer s solution When given intrapentoneall) or intra- 
r enously the response rr as often marked The animal became brighter 
and more actne even though continuing to lose large amounts of pan- 
creatic juice A few dogs have been kept alive with daily injections 
of 500 cc of solution for weeks and then w'ere killed only because of 
accidental infection ot the pancreatic juice Though m good general 
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Obsenations on dog 23 Each arrow indicates the intraperitoneal administra- 
tion of 500 cc of Ringer’s solution The animal was killed on the thirteenth dar 
of drainage because of accidental infection of the pancreatic juice 


condition there w^as always a marked loss of weight Water alone, or 
with added dextrose, had no beneficial effects The followung protocol 
describes one such experiment 

Protocol 2 — Dog 23 was intubated, as alreadi described, on Dec 29, 1928 
The main obser\ations are represented in the accompaming chart A.fter two 
da%s of drainage, the blood had alreadj begun to show the changes men- 
tioned Ringer s solution w as then administered intrapentonealK , 500 cc each 
dai, with marked Impro^ement in the condition ot the blood Special attention 
was paid to the detelopment of %omitmg, which was slight, although the animal 
showed the usual signs of gastric irritabihts Food and water were taken slowh 
and in small amounts On two occasions 300 cc of milk was gnen b\ gatage 
ithm a lew minutes retching began and soon the entire amount was \oniited 
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On the thirteenth day of drainage, the dog was killed witli chloroform because 
of accidental infection of the pancreatic jiiice As a result the secretion was 
reduced somewhat in amount, became tiirbid and was foul in odor Culture 
showed B colt The general condition of the animal remained good The weight 
was 8 Kg, a loss of 4 Kg from its prcopcrativc level At aiitopsj, the intestines 
were empty There was no infection of the peritoneum, and the incision was 
healed, The stomach was small and coiiti acted When the duodenum was opened, 
three deep ulcers were found just distal to the pjlorus The largest one was 
about 1 cm in diameter and was coiercd with a dark blood clot which was easily 
removed revealing a fairly deep base, down to the intisculans 

It IS to be noted that the base bicarbonate did not return to the normal le\cl 
In more recent experiments a more effective solution containing sodium lactate 
was used ~ The results following its use were much more striking, and the 
return of the blood to normal was more complete 

COaiMLNT 

It would seem that death should be pi evented oi postponed by some 
mechanism that would dimmish the amount of panel eatic juice secreted 
or lowei its concentration of inorganic salts since it is the loss of these 
salts and watei that is reall}'^ responsible for the fatal result Yet, in 
the absence of infection or obstruction, neither of these things take 
place The amount secieted lemains high even in the absence of any 
food stimulus,^ and its base and bicarbonate content stays up to the end, 
as shown m our expeiimcnts' b)’’ the daily analysis of the pancreatic 
juice The pancreas, it would seem, secretes a juice of more or less 
constant composition even when its constituents in the blood are reduced 
to a very low level The same fact has been established for the gastric 
juice by Lim and Ni ^ They found that the chloride concentration of 
the gastric juice, obtained by repeated histamine or psychic stimulations, 
lemained high even when the chloride content of the blood was depressed 
thereby to a very low level 

Probable reasons why dogs intubated in this way for the collection 
of total pancreatic juice cannot tolerate food or watei by mouth as 
normally have been mentioned before’- From a variety of evidence 
it wms supposed that the removal of the alkahnizing panel eatic secre- 
tion ° prevented neutralization of the gastric contents wdiich, therefore, 
remained highly acid, could not be tolerated by the duodenum and were 
vomited The present observations add support to this supposition 
The gastric irritability of dog 23, already described, was marked at all 
times even though the general condition wms good and the composition 
of the blood w^as approximately normal The ulceiation noted w'as 
found in three dogs, all kept alive for two wrecks or longer by means 
of injections of physiologic solution of sodium chloride This lesion of 

4 Lim, R K S , and Ni, T G Am J Phvsiol 75 475, 3925 

5 Elman, Roliert Probable Influence of Pancreatic Juice in the RegnHtion 
OI Gastric \c 1 rIIl^, \rch Siirg 16 3256 (June) 1928 
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itselt could explain the gastnc irntabiht} and ^omltlng Ot ^Mder 
interest, ho^\e^er, is the tact that this observation adds support to the 
theor} that high gastric aciditj is a factor m the causation of duodenal 
ulcer Furtlier obser\ations will be reported later 

Clmicall}’-, these observations emphasize the importance of the pan- 
creatic juice in cases imohing loss of gastro-intestinal secretions 
Such a loss occurs in a -varietj of condifaons, such as prolonged bilious 
^omltlng, intestinal fistulas or obstruction below the pancreatic duct 
and protracted diarrhea Loss of pancreatic juice, if suffiaent and con- 
tinued, can of itself bring about a fatal outcome and explains the 
observation of acidosis in some cases Loss of gastnc juice, of course, 
also takes place in most cases and indeed is usuallv the more prominent 
factor, thus explaining the alkalosis In either case, how e\ er, a marked 
dehjdration occurs, which is probabl) the most important factor 
invoh ed The simple chemical solution containing sodium lactate - has 
actuall} been used in mam such clinical cases with striking results 
These w ill be reported later 

SUMMARY 

From the observations herein reported, the cause of death follownng 
total loss of sterile pancreatic juice seems definite and simple A pro- 
found delwdration results with marked loss of base bicarbonate and 
resulting uncompensated acidosis The acidosis may be less marked or 
may e\en give wa} to a slight alkalosis if severe vomiting takes place 
wnth the superimposed loss of acid gastric juice In either case, how e\ er, 
the dehydration with resulting changes in arculation is probably the 
mam factor in the rapid death That the fatal outcome is due to such 
simple chemical changes is also shown by the recover} and prolongation 
of life during drainage of pancreatic jmce by the administration of a 
simple physiologic solution of sodium, potassium and calaum chlonde 
The clinical application of these observations has been brieflv discussed 
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MISCELLANEOUS 

Injuries of the Hand — Bunnell pointed out the common errors 

which should be avoided in the treatment for injuries of the hand 
Incisions should be well chosen and of adequate size They should not 
sever the tendon pulleys in the fingers nor cut the nerves m the fingers 
or palms, especially the motor thenar nerve The most pernicious 
incision and unfortunately the one usuall)^ made was the median longi 
tudinal one, whether in the palm, wrist, finger, pulp, matrix or dorsi^ 
of the finger It wrecked the hand, caused flexion contractures y 
being at right angles to the flexion creases, cut the pulleys, cause 
adhesions at the worst place, namely, the gliding surfaces of the tendoi^i 
and was poor for drainage In the fingers the incisions should be mi 
lateral and not anterolateral where the 3 ’^ will cut the nerves , m i 
hand they should follow as much as possible the natural creases Drains 
ought not to be left m longer than two days, and large hot compresses 
of bone solution with 0 5 per cent sodium citrate should be use 
together vith local and bodily rest Traumatized wounds should no^ 
be sutured without debridement When an incision is made m 


32 Bunnell S California S. West Aled 30 1 (Jan) 1929 
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hand, a tourniquet should ah\a\s be used Tendons should not be 
sutured more than tr\ent}-tour hours after an injury, as mtection is 
almost ineMtable The exact Upe of infection present should always 
be diagnosed bet ore one proceeds with the treatment Infections of the 
tendon sheaths or palmar spaces ought ne\er to be treated m an office 
Local anesthetics should be aioided unless ot the nene block t}pe 
The w rist hand and fingers ought to be kept in the position of optimum 
tunction during healing 

[Ed Note — Bunnell has had extensue experience with injuries 
and intections ot the hand, and we teel that his adiice should be heeded 
The article deserves the caretul stud\ of surgeons handhng this class 
ot work ] 

Dupiiyti cji’i Contt action — Kana\el, Koch and Mason reported tlie 
results ot their studies ot Dupu^'tren s contraction together with the 
twentj-nine cases on which it was based Se^en ot the patients had 
been operated on preiioush some of them more than once, m spite ot 
w Inch the condition had recurred The results obsen ed m such patients 
and the results obtained m the patients operated on b^ the authors 
impressed them with the importance of the following 1 \\ ide excision, 
not onh ot the contracted fascia but ot all its attachments to the skin 
the interfascial septums, the \olar interosseous fascia, the metacarpal 
bones and the phalanges In case of doubt the\ pret erred to err on the 
side of remoiing apparenth normal fascia, and the} considered this an 
added guarantee against recurrence 2 Caretul dissection and ele\ation 
ot the skin to a\oid trauma and subsequent necrosis 3 Painstaking 
effort to avoid mjur} or dnision ot the digital nerves and blood Aessels 
which were frequentl} embedded in the bands of fibrous tissue which 
draw the fingers into flexion 4 Excision of skin that is hope- 
lessl} mvohed and replacement of the excised skin by a free full thick- 
ness graft rather than an attempt to bring together the edges of the 
wmund under tension 5 In long-standing cases w ith marked contraction 
of the fingers, excision ot the head of the proximal phalanx and short- 
ening of the extensor tendon of the affected fingers through a dorsal 
incision (Hutchinson s operation) 6 Actne mmement of the fingers 
and hand as soon as the operati\e wound is soundh healed 

The authors were of the opinion that if treated in such a manner 
complete restoration of function might reasonabh be hoped for, although 
cellular infiltration of the hand and partial anesthesia and stiffness of 
the fingers were to be expected for a considerable time after the 
operation 

33 Kanavel A. B Koch S L and AIa=on M L Surg Gvnec Oo-t 4S 
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Pathologic Dislocations of the Femw — LeFort made a study of 
simple pathologic dislocation of the hip, meaning by this a dislocation 
that had occuired as the lesult of disease but without modification in 
the shape of the bones sufficient of itself to bung about the dislocation 
He found that in tuberculous coxitis, dislocation occurred sometimes 
suddenly m the early couise of the disease but more often gradually at 
a latei peiiod In acute osteomyelitis, dislocation lesulted sometimes 
fiom a direct suppuiative involvement of the joint, more frequently 
It Avas the consequence of a para-articular lesion It also occurred in 
the couise of iheumatic disease and during convalescence from acute 
general diseases, especially septicemia and pyemia 

Multiple factors contributed to prepare the way for and to bring 
about the dislocation The chief factois were prolonged vicious atti- 
tude of the limb, softening of the cotyloid ligament, swelling and 
effusion m the joint, atrophy of the muscles, particularly of the gluteus 
maximus, contracture of the antagonistic muscles, and the effects of 
trauma, often of minimal character Simple dislocation could not occur 
unless thei e Avas a relaxation of the capsule and ligaments and could not 
be complete unless the hgamentum teres was destroyed As a general 
rule, the dislocation was onl}’- an accident m the course of a destructive 
arthritis and whether oi not this was reduced, the usual destructive 
changes occurred later When the dislocation was not reduced, how- 
ever, bony changes developed due to the adaptation to the new position, 
and at a later period it was often difficult to recognize from the appear- 
ance of the hip that it had been a pathologic dislocation 

The tieatment for a recent dislocation should take into considera- 
tion the treatment for the primary disease process first, but at the same 
time efforts should be made to reduce the dislocation either by traction 
and manipulation or by open operation When i educed measures had 
to be adopted to prevent redislocation, even Avhen reduction had been 
accomplished, the final result was modified by the evolution of the dis- 
ease process and normal function was scarcely ever to be expected, but 
rather ankylosis or marked destruction of the articular surfaces, tlie 
functional effects of which were to be reduced to their minimum by 
proper therapeutic measures The treatment for a long-standing patho- 
logic dislocation was essentially the same as that of any long-stand- 
ing dislocation Avhether congenital or traumatic 

Gill Avrote on the treatment for pathologic dislocation, basing his 
conclusions on the study of forty-four patients, in all of whom opera- 
tion AA'as performed The dislocations Avere due to tuberculosis, pyogenic 
and pneumococcus infections, infantile paralysis and encephalitis Sur 

34 LcFort, R Re% cl’orthop 15 514 (Kov ) 1928 

35 Gill, A B South M J 22 207 (March) 1929 



Jl'ILSO\ LT AL— PROGRESS /V ORTHOPEDIC SLRGERY 341 


gical intenention ^\as mdicated to secure stabilit} ot the hip, rehere 
pain, correct detorinit} and to obtain motion it this nas consistent mth 
stability and treedoin from pain The author adrised against osteot- 
omy of the femur, since m his experience it did not correct the detor- 
mit} and left either a paintul fibrous ankjlosis or a great mstabiht}" The 
author preterred to perform either the reconstruction operation or an 
arthrodesis the choice depending on a caretui appraisal of all the 
cn cumstances ot the case 

Bilafctal Snapping Hip — Dickinson"® considered true snapping hip 
to be a relatueh unusual condition, and stated that bilateral snapping 
hip nas rare The usual cause was a thickening of either the iliotibial 
band or the tendon of the gluteus maximus He said that operations 
for relief from the condition ought to be performed with the aid of 
local anesthesia as it was essential to see which band was at fault the 
snap usual!} disappeared under the relaxation of general anesthesia 
He considered earh mobilization of the hip following the operation 
essential 

Faf ill Tiaiimatic Elusions of the Knee Joint — B\ the use of 
special methods Kliiig w as able to demonstrate the presence of a 
considerable quantity of fat in the sjnoiial fluid of six patients witli 
traumatic hemorrhagic effusions of the knee joint The inter joint fat 
deposit and the bone-marrow of the epiphysis w ere considered to be the 
source of the fat, hence the presence of fat indicated an injurj' to the 
interjomt structures (crucial ligaments and semilunar cartilages) alone 
or combined with fracture of the articular surfaces The presence of 
the fat was demonstrated b\ centrifugalization of the aspirated fluid 
which caused it to separate in an easilj recogmzable larer 

Ebin nation of the Tibia — Froelich®® observed four patients with 
eburnation of the tibia and reviewed similar cases that hare been 
reported in the medical literature His patients were girls ranging in 
age from 6 to 12 rears The lesion manifested itself clinically br- pain, 
or in some instances only b} tenderness to pressure and b} an increase 
in the volume of the bone Roentgen examination shorred a zone of 
bone condensation at the lerel of the middle third of the tibia and a ' 
decrease m the size of or a total disappearance of the medullarr car itr 
According to rarious authors, this disease might appear in the first 
rreeks of life The bone rras opaque on roentgen examination broke 
easily and might tracture spontaneouslr Putti gare the condition the 
name eburnating osteitis , Albert-Schoenberg marble bone and Leri, 
hr perostosis 

36 Dickinson “k A.iti J Surg 6 97 (Jan ) 1929 
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Majoi Fi equeucy of Orthopedic Diseases on the Left Side From 
Spitzy’s large clinic comprising moie than 7,000 cases, Aberle-Horsten- 
egg compiled statistics which showed that diseases of an orthopedic 
natme involved the male sex and the left side of the body with much 
greater frequency than the female sex and the right side This was 
particularly noted m respect to the hip joint, including such lesions as 
tuberculosis, congenital dislocation, Perthes’ disease and moibus coxae 
senilis 

A4assage as a Therapeutic —Massage, accoiding to Jarman,^* 

exerted its therapeutic action m two ways mechanical action and reflex 
action Mechanically, it stimulated the circulation of blood and lymph, 
and acted on tissues and organs by tension and pressure There nas 
no direct proof of its reflex action, but contraction and relaxation o 
musculature were observed during massage Massage produced c ranges 
in muscular tissue without producing fatigue Experiments so ar 
indicated that massage was not accompanied by lactic acid and cat on 
dioxide formation Massage should never be used in acute inflammatory 
conditions It should be earned out only by trained persons at the or e 
of physicians familial with the patient’s local and geneial con ition 
[Ed Note— Much remains to be learned of the action of i^^^^age 
All observers agree that the effect is not wholly to be explaine on 
basis of mechanical action Now that progress is being ^ , 

understanding ot physiology of the muscle, it is to be hope t a 
tional facts will be forthcoming to give one a more rational bas 
Its use We believe that Jarman’s recommendations are sound J 
Longitudinal Osteotomy —In discussing methods of 
osteotomy, Haas « stated that the chief desideratum was . . 

deformity with a minimum displacement of the fragments He 
a method that he had found useful, in which he performed a sei 
longitudinal osteotomies through the entire thickness o ^ 

each about from 3 to 4 cm long and about 1 cm apart ns ' 
the bone sufficiently to allow it to yield to a bending orce app 
any direction Rotary deformities could also be ,vas 

turbing the continuity of the bone The time required ^ 

less than with the usual transverse osteotomy 

Operative Substitution of the Thumb — Joyce recorded 
condition of two patients on whom he had substituted a riUb 
of the opposite hand for a thumb 
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In the first patient opei ated on tw eh e j'ears ago, the excellent imme- 
diate result A\ as marred later by flexion deformity at the new metacarpo- 
phalangeal and interphalangeal joints, and these joints were subsequently 
ankjlosed Since this ank) losing operation, done seven years ago, the 
man has worked as an upholsterer, and the new thumb feels to the 
patient as “if it w ere his old thumb ’ 

The second patient, operated on nine jears ago, has developed a 
similar flexion deformity at the new metacarpophalangeal joint The 
new digit IS stable and allow's halt the extent of passive morement pos- 
sible in the carpometacarpal joint of a normal thumb , the metacarpo- 
phalangeal joint of the new thumb (proximal interphalangeal joint of 
the old finger) has a flexion deformity of 90 degrees, and onlv a few 
degrees of passive movement The interphalangeal joint of the new 
thumb (distal interphalangeal joint of the old finger) is not deformed 
and allow s a few degrees of passive movement Joyce said that the aim 
of the operation — the provision of a fixed sensitive thumb to wduch the 
patient could oppose the remaining fingers of the hand — had not been 
realized m this case, partly ow mg to the flexion contracture at the meta- 
carpophalangeal joint and partlj to an initial error m technic, whereby 
the finger w^as transplanted wnth its transverse plane nearly parallel to 
that of the palm of his hand instead of at right angles to it 

Tiansplaiitafwn of the Thumb Natl — Sheehan succeeded m trans- 
ferring a part of the nail from one thumb to the other thumb m a bo} 
aged 16, who had had absence of growth of the thumb nail for two vears 
following an injurv The result was excellent in both thumbs He 
pointed out that the nail was epithelial in origin, like the epidermis, 
and that success was usually to be expected with such tissues There 
w^ere several technical difficulties m both the operation and the after 
care, but it w'as possible to ov ercome these by attention to small details 

Tttsacial Fusion — A new" operative technic for the combined fusion 
of both sacro-iliac joints and of the lumbosacral joint at one sitting was 
described by Chandler Exposure of all three joints w"as obtained bj 
a curved incision wnth convexity upward passing m the transverse plane 
across the posterior surface of the sacrum A modification of Hibbs’ 
method of fusion was emploj^ed to ankvdose the fifth lumbar v^ertebra 
to the sacrum while the method adopted for stabilizing the sacro-iliac 
joints resembled that described bv Gaenslen The operation had been 
peifoimed in fiv'e patients, and the author considered that the imme- 
diate results were of such a nature as to warrant the more extensive 
trial of the procedure 

43 Sheelivn J E Replacement ot Thumb Xail TAM \ 92 12=13 ( April 
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The reason foi developing the operation of trisacral fusion was the 
necessity of relieving patients with pain low clown in the back and sciatic 
pain in whom it was impossible to deteimme whether the pathologic 
cause was situated in the sacro-ihac or the lumbosacral joints, also the 
fact that m certain patients not one but two or all three of the sacral 
joints participated in pioducmg the symptoms 

[Ed Note — While it is undoubtedly true that in some cases pain 
m the back is due to a combined lesion of both sacro-iliac joints or of 
the lumbosacral and one sacro-iliac joint, nevertheless, one of the lesions 
is usually piimary and the other secondary The secondary lesion will 
usually clear up with the disappearance of the primary lesion We 
should endeavor to improve diagnostic methods in order to differentiate 
the cause of the back pain rather than to rush in and perform a “gun- 
shot” type of opeiation devised with the idea of making up by number 
of shots for lack of proper aim This is not to say, however, that the 
operation of trisacral fusion may not prove to be a valuable procedure 
under certain conditions when tested by further experience It is diffi- 
cult to see how injury to the posterior sacral plexus can be avoided ] 
E.\t}a-A} ficulai Fusion of the Hip — ^Albee^® considered that the 
indications for extra-articular fusion in tuberculous hip disease were 
(1) constant relapse of the adduction deformity in spite of proper con- 
servative tieatment, (2) recurrence of the adduction deformity follow- 
ing correction by osteotomy, (3) marked destruction of the head of 
the femur and acetabulum, (4) evidence of recurrence of activity of the 
disease process, and (5) active tuberculous hip disease in an adult even 
though the amount of destruction of bone was slight 

He considered it advisable for the surgeon to have at his disposal 
moie than one method of extra-articnlai fusion m order to meet the 
individual indications He described three operative methods that he 
had employed He preferied the massive bone giaft carefully fitted 
and mortised to “chip grafts” and the transplantation of the trochanter 
He reported thirty-one operatn^e case, details of which were given m 
eight 

After describing the technic of an operation for extra-articular 
fusion of the hip in tuberculous disease wdiich resembled the method of 
Hibbs but was described by the author in 1922, Hass stated that in his 
opinion the operation was indicated only m adults and then only when 
the patients rvere in good general condition and the disease process 
m a quiescent stage He did not agree uith Hibbs, who advocated the 
operation in children even below the age of 10 years He had performer 
the operation only in four patients 

4=; \Ibce, F H Ann Siirg- 89 404 (Mirch) 1929 
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Schumm'*" emplo}ed an operation for fusion of the hip \\ith ^\hat 
he called an ihotrochantenc strut graft, the graft being taken from 
the femur and placed in such a manner as to bndge the space between 
the ilium and the trochanter He had performed the operation in nine 
patients with uniforml} successful results 

[Ed Note — The editors would like to make a plea for greater 
accuracy in the use of the term “extra-articular” in relation to tusion 
operations of tlie hip The difference between mtra-articular and extra- 
articular methods is more relatne than absolute, and there are few of 
tlie so-called extra-articular methods that do not open the joint at least 
occasionally ] 

Late Results of Resectiait of the Semtlunat Cartilage of the Knee — 
Ta^ernler and Chappoux,^® who ad\ocated under certain conditions 
complete resection of the internal meniscus bj medial trans\ erse arthrot- 
omy w itli division and resuture of the internal lateral ligament, 
reported the end-results in fifteen patients treated bj this method All 
the patients w'ere football plajers, and it was found that tlnrteen had 
resumed play after an inteiw^al lariung trom two to ti\elve months with 
an average of five months Of these, ele\en had pertect knees one 
showed a little limitation of motion and another a slight decrease of 
strength Two had not returned to football playing, of these one had 
a perfect knee and one showed slight increase of lateral mobilitj Both 
of these patients, however, had sustained rupture of the anterior crucial 
ligament 

[Ed Note — The operation of transverse arthrotomj with dnision 
of tlie internal lateral ligament reported bj the authors seems totalh 
lacking m merit and desenes the strongest condemnation Eien if 
complete excision of the cartilage were required which is rareh the 
case, this could be done readil} through the combined anterior and pos- 
terior incisions described bj Henderson ] 

Synovectomy in Chronic Arthritis — ^Allison and Coonse examined 
the patients at the Massachusetts General Hospital on w hom S}’no\ ectom\ 
had been performed Thej considered the procedure particularh -valu- 
able in the proliferative tj-pe of arthritis, twent} -seven of the fiftv 
patients studied had this condition Thej advised against svnovectomv 
in pyogenic or gonorrheal arthritis, unless perhaps m the chronic stage 
In 95 per cent of the cases pain was almost entirelv relieved and the 
patients retained nearlv as much motion as before operation The 
authors also advocated the operation of svnovectomy m other joints than 
the knee under proper conditions 

47 Schumm, H C Surg Gvnec Obst 4S 112 (Jan ) 1S29 
4S Tvvcmicr and Chappoiix Presse med 37 179 (Feb 6) 192^ 

4Q silicon N and Coon=e G K Svnovecfomv in Chronic A.rthnti= -kreh 
Surg 18 S24 (March') 1929 



346 


ARCHH'ES OF SURGERY 


[Ed Note — The editois aie less optimistic than the authors about 
the results of synovectomy They uige tlie necessit}'^ of a careful selec- 
tion of cases for the opeiation ] 

Postenoi Capsnloplasty in Ceitam Flexion Conti actmes of the Knee 
— After reviewing the operations of Murphy, Putti, Smith and Silver 
for correction of deformities of knee flexion, Wilson®® described the 
opeiation of subpei losteal postenoi capsuloplasty of the knee together 
with the postoperative tieatment The operation consisted in exposing 
the lowei end of the femur through a lateral incision in front of the 
biceps tendon, which was divided bjf a Z-shaped tenotomy The ilio- 
tibial band was sectioned transveisely and the capsule was stripped 
subperiosteally from the posteiior aspects of the femoral condyles, par- 
ticular emphasis being placed on thorough stripping of the intercondy- 
loid notch It might be necessary to make a second incision on the 
inner side of the femui to obtain complete stripping mesially After 
the capsule was freed, the knee was manipulated into complete exten- 
sion, care being exercised not to injuie the external popliteal nerve A 
split plaster cylinder was then applied to be worn one week Exercises 
and massage were started in one week, and weight-bearing with a brace 
was allowed in eight weeks The opeiation had been performed twentv- 
one times in fifteen patients The flexion contiacture was due to chronic 
arthiitis in thirteen patients and of tiaumatic origin m the remaining 
two 

Lengthening of the Leg — Carrell leviewed the results in twenty- 

eight patients on whom he had pei formed the operation of leg lengthen- 
ing described by Abbott In twenty-one patients the tibia and fibula 
weie lengthened, in seven the femui Following the tibial operations, 
complications occurred in fovu cases In one case disti action of the 
bones was delayed until the tenth day, when sufficient union hac 
occurred to prevent extension The second complication was cause 
by placing the upper pin too near the epiphyseal line so that it gave ua) 
when pressure was applied In a third case the fibula was not entire i 
divided and the external malleolus was dislocated upward In the foiirt i 
case, a severe hemorrhage from the pm holes presumably due to injure 
of the posterior tibial vein resulted on two occasions when attei^ts 
V ere made to apply extension and the lengthening was abandoned ’ 
author did not consider the operation difficult or unusually shocking 
but it was necessar)'^ to observe meticulous care both m the technic o 
the operation and during the long after-care 

Tieatment for Pes Cavus — In discussing Scherb’s technic for tie 
treatment for pes cavus, Pick stated that it consisted in the trans 
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plantation ot the long extensor tendons ot the toes into the metatarsals 
togethei ^\lth forcible manipulation ot the toot b} means ot Schultze s 
osteoclast or resection ot portions ot the os calcis, cuboid and scaphoid 
The transplantation ot the tendons nas alone sufficient m teet that uere 
easil) coriectible without torce The operation had been pertormed at 
the Dortmund Orthopaedic Clinic m thirt\ -eight patients and end-results 
had been obtained m tliirti -foui of these The results w ere good m all 
cases, 111 some excellent The anterior aich showed considerable niiproie- 
nient and lowering ot the longitudinal arch was obtained m all the 
cases He advised m the aierage case transplantation of the tendon ot 
the extensor longus hallucis into the fiist metatarsal, of the tendons ot 
the long extensors of the second and third toes into the second meta- 
tarsal and the tendons of the third and fourth toes into the fourth 
metatarsal 

Siibastiagalai Ai flu odcsis — iMac\usland “ described his technic ot 
subastragalar arthrodesis and reported eight cases in which it had been 
pel formed He considered the operation useful in unbalance due to 
parahsis and m joint fractures or joint disease He emplo\ed a semi- 
circular incision, beginning on the dorsum ot the toot at the astragalo- 
scaphoid joint curving under the external malleolus and terminating 
o^er the Achilles tendon B} forcibh imerting the foot it was possible 
to dislocate the subastragalar joint and obtain complete exposure \\ ith 
a hand saw generous portions were remo\ed from the under surface 
of the astragalus the superior surface ot the os calcis and trom the 
scaphoid and midtarsal regions This permitted considerable back- 
ward displacement of the foot the most important ad\antage ot the 
operation 

[Ed Note — T he operation ot subastragalar aithrodesis as it is 
usualh pertoimed is so simple and gnes such satlstactor^ results that 
consideialile CMdence will ha\e to be presented before we shall be con- 
Miiced that wide dislocation of the joint as adMsed b\ the author is of 
sufficient ad\antage to counterbalance the additional trauma which it 
must cause to the soft paits ] 


FRACTURES 

Fiactu)cs flout tin Opctaftzc Poiitf of P'icz <.' — In discussing the open 
tieatment for tractures Henderson-'^ pointed out the dangers of the 
method when emplo\cd iinproperh He listed the fractures of the 
lowei extieinit\ most satisfactorih treated b} the operatne method as 
tollows ( 1 ) fractures of the astragalus with marked displacement ( 2 ) 

s3 Mac tusland \\ R Sulnstraealar Arthrodesi- Arch Su'v IS 624 
(rcbt 1029 
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Pott’s fractuie with the internal malleolus broken off at a high level 
(3) refiactory fractures of the ankle, (4) spiral oblique fractures of 
the lower third of the tibia, (5) fractures of the patella, (6) most frac- 
tures of the shaft of the femur in adults, (7) fracture dislocations of 
the hip, (8) slipped epiphysis of the upper end of the femur m children 
Of the injuries of the upper extremity, he considered that the following 
often required operative intervention (1) overriding fractures of the 
metacarpals, (2) badly comminuted fractures of the scaphoid, (3) frac- 
tures of both bones of the forearm, (4) most fractures of the lower 
third of the radius othei than Colle’s fractures, (5) most fractures of 
the head of the radius, (6) fractures of the olecranon process, (7) 
epiphyseal separation at the lowei end of the humerus with anterior 
displacement of the lower fragment, (8) fractures of the surgical neck 
of the humerus with overriding, (9) fracture dislocations of the head 
of the humeius 

Closw e of Compound Ftactures by Skin Plastic — Cannaday advo- 
cated the closure of compound fracture wounds by skin plastic rather 
than to leave the wound open with the bone exposed, which under the 
most favorable circumstances resulted in extensive scar formation at 
the fractuie site The simplest method was to do debridement, make 
linear incisions on either side of the fracture and free the skin suffi- 
ciently so that the edges could be approximated over the fracture 

[Ed Note — We agree with the author as to the advisability of 
covering exposed bone with skin, provided free drainage can be insti- 
tuted from the sides ] 

Fiactures of the Clavicle — From a review of the treatment of 422 
patients of both sexes, adults and children, with fractured clavicles, 
Lester concluded that with any type of ambulatory treatment the func 
tional results were uniformly good He advised a simple comfortable 
dressing (sling, swathe or binder), rather than intricate apparatus 
designed to hold the fragments in place 

Fiactures of the Lateral Humeral Epicoridyle in Childr en 
a leview of 160 case records and a study of sixty children between i 
ages of 4 and 8 years with fractures of the external condyle, Massart 
and Cabouat separated these injuries into three classes (A) fractures 
and epiphyseal separations without displacement, (B) fractures v 
outward displacement with or without tilting of the fragment, the dis 
placement being limited by the capsulopenosteal attachments, (C) 
tures \vhere the fragment has broken loose from its attachments a 
gross displacement has taken place 
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In group A there \\ere fiftj-one cases ot subperiosteal fracture or 
epiph3seal sepaiation without displacement, and all \ielded excellent 
results 

In group B there were fort} cases with outward displacement, but 
without tilting, and nineteen cases wuth tilting Ot the latter, thirteen 
patients obtained perfect results foui showed some deMation of the 
carr}ing angle and two had considerable limitation of motion 

In group C the results of conseiwatne treatment were poor The 
tragment was separated from its ligamentous attachments and deprived 
of blood suppl}, resulting in necrosis of the epiph}seal cartilage of the 
cond3'le and arrest of growth This factor was more important m 
accounting for the poor prognosis than the extent of the displacement 
Increasing cubitus \algus der eloped as a result of the cessation ot 
grow'th of the outer half of the cond3lar portion of the humerus, and 
in time was likeh to cause a dela3'ed ulnar pals}"^ The poor results in 
this group of fractures would seem to point to the adxisabilit} of 
earl} operative mter^entlon with replacement and suture of the loose 
fragment 

Injwies of the Loxect End of the Raduis — Edwards and Cla3ton®® 
examined, two 3 ears after mjur}, the late results of 424 fractures of 
the low'er end of the radius, 339 of wdiich w'ere of the Colles t3pe In 
73 per cent there w^as no disabilit} , 23 per cent complained ot minor 
aches, but w'ere able to carry out their normal occupations, and of these 
a third had arthritis of the wrist before the injury In 4 per cent the 
results were bad Persistent tenderness over the internal lateral liga- 
ment was common, but usuallj disappeared under physical therap} 
Full rotation w'as usually regained after the patient had returned to 
work Man} of those in w'hom limitation of rotation persisted were 
cured by a manipulation of the forearm under nitrous oxide anesthesia 
The poor results w'ere attributed b} the authors to (1) a preexisting 
arthritis of the w'rist joint and (2) failure to reduce the backward tilt 
of the lower radial fragment 

Grasb} and Trick also review'ed the results of lift} Colies’ frac- 
tures two years after the injury The} concluded that a good result 
invariably followed a good reduction, and that if displacement persisted 
the result w'as almost as imariabl} unsatisfactor} on account of a trau- 
matic arthritis of the radio-ulnar joint Nonunion of the strloid of the 
ulna did not aftect the functional result 

Thurston Holland drew attention to the fact that a genuine epi- 
plnseal fracture of the lower end of the radius that is one in which 
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the fractme was excliisivel}'^ in the line between the cartilage and the 
diaphysis without any injur}^ to the lattei, was rare In practically 
evei}'^ case theie was some diaphyseal injury as well, and this ^\as seen 
in the lateral roentgenograms as a small wedge of bone torn oft from 
the edge of the diaphysis This enabled a diagnosis of “separated 
epiphysis” to be made by roentgenograph) even wdien the displacement 
had been reduced 


[Ed Note — This also accounts for the fact that arrest of growth 
following separation of the low'er epiphysis of the radius is rare ] 

Fi actiu es of the T i aiisvei rc Pt ocesses — Hartw'^ell reported the 
results of a study of tw’'enty patients w'lth isolated fractures of the trans- 
verse pi ocesses of the lumhai vertebrae The processes of the third 
and fourth lumbar vertebrae were involved most frequently Healing 
was usually by fibious union One third of the patients were discharged 
from tieatment in six weeks, fiee from pain The other patients con- 
tinued to have pain, one foi a peiiod of more than three years Five 
of the patients w^ere submitted to operation, and the transverse processes 
w^ere lemoA'^ed In these the duration of the disability averaged less 
than SIX weeks, wnth complete cure m all cases He considered the 
group too small to justify moie than tentative conclusions 

[Ed Note — W e should like to see the leport of the results in a 
larger series of patients before advocating excision of these fractured 


transverse processes ] 

Coinpj ession Fiactuics of the Spine — Davis®- considered that the 
treatment for compression fiactures of the spine should aim at correc- 
tion of the kyphotic deformity and securing pioper alinement just as 
much as reduction was sought in fiactures elsewheie He had been able 
to obtain this by actively hyperextending the j^atient on a Bradford 
flame oi plaster shell, or when the posterior spinal aich was intact, b) 


careful manipulative treatment, foicing the spine into hyperextension 
follow^ed by the application of anterioi and posterior plaster shells t 
loll 111 the form of a life pieserver was attached to the posterior she 
under the point of the kyphos The patient w^as kept m the plaster 
shell for seven w^eeks, after which a Tayloi back brace was apphed to 
be worn m bed for tw^o weeks follow'^ed by gradually increasing w'Cight 
bearing He repoi ted cases m wdnch the manipulative method had been 
successfully used, including four cases of fracture dislocation 
invohement of the cord The entire group on which the report was 


based comprised twent^-nlne patients 

[Ed Note — DaMs has made an impoitant contribution in ad'oeat 
mg an active polic) with regard to the correction of bon) defornut' 
in spinal fractures In his hands the manipulative method has )icc 
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good rcbults, whether or not it is free troni dangers will hare to be 
demonstrated h\ lurther experience We siiall be interested to com- 
pare the results ol this method with those obtained by Rogers, w'ho 
used a method of gradually increasing In perextension on a special hrper- 
extension frame which is soon to be reported ] 

Kiivuitcll’s Disease — Wier’'^ encountered eight cases of Kummell’s 
disease the srmptoins der eloping trom a few months to a jear after a 
serere mjurr to the back He deprecated the too great dependence on a 
single negatne roentgen examination, following which the patient 
received no treatment until spinal deformitj and the topical nene root 
S}mptoms de\ eloped In the way of treatment, he adrised fixation of 
the h} perextended spine m a plaster jacket applied m such a war that 
the rr eight of the shoulders rras borne on the pelris and the load 
remored from the rertebrae 

Fiacturcs of the Shaft of the Fcmin — Campbell treated patients 
with fractures of the shaft of the femur br manual reduction follorved 
br immobilization m a plaster of pans spica casing, and after a large 
experience beheres that it was the most reliable method of treatment 
He emplored an orthopedic fracture table equipped rrith apparatus for 
roentgen examination Under tull anesthesia the fragments rrere 
reduced by traction and angulation the ends being made to impinge 
and interlock, and the position controlled b} immediate roentgen exami- 
nation A double plaster spica was then applied with the hip and knee 
flexed 

He deprecated repeated manipulations The most difficult t\pe of 
fracture to treat was the oblique, with fairh smooth bone ends The 
prolonged immobilization did not cause permanent limitation ot motion 
of the knee He tabulated the end-results in a group ot seient}-one 
patients whom he had treated, and considered them as satisfactori as 
those obtained after any other method of treatment In nineteen 
patients there was a shortening of yi inch (12/ cm ) or more, and in 
five, of 1 inch (2 5 cm ) or more In onl> five of the cases was a 
second manipulation necessary 

[Ed Note — There are several ways of treating almost any frac- 
ture, but it does not follow that every one can duplicate the results of 
some one else, a certain method being used Campbell is able to obtain 
good results wuth fractures of the femur by the manipulatne method, 
but we doubt if this is as safe or reliable a method in the hands of the 
average surgeon as the traction method of treatment It must be par- 
ticularly difficult to hold the comminuted and oblique fractures in proper 
alinement m a plaster casing ] 

63 Wier, S T Texas State J Med 24 699 (Feb I 1929 
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Fiactwcs of the Latoal 'Itiboosity of the Tibia — Cubbms, Conley 
and Seifteit®'' called attention to the increasing frequenc}' of fractures 
of the lateial tubeiosity of the tibia which they thought might well be 
designated “bumper” fiactuies owing to the fact that they so commonly 
lesulted fioin collision with an automobile bumper Forcible abduc- 
tion of the tibia on the femur was the common mechanism Improper 
tieatment resulted m a loose joint with genu valgum and permanent dis- 
ability If the tuberosity was widely separated, it might be reduced 
manually oi with the aid of a mallet If the fiagments could not be 
leplaced, an open operation should be pei formed They had found by 
arthiotomy that in some of these cases the lateral meniscus was tom 
loose and its outei rim was displaced down between the fragments, wbeie 
it pi evented i eduction The authois considered it a mistake to remove 
the meniscus, as its bioad cartilaginous surface would surely help to 
lender the joint moie stable m case of lesulting irregularity of the 
uppei joint surface of the tibia Replacement of the cartilage was the 
bettei treatment 

Asii acjalectomy foi Fi acini c of the Astiagalus — Graham and Faulk- 
ner ““ advocated asti agalectomy m fractui es involving the body of the 
astiagalus with displacement when it was impossible to reduce the frag- 
ments The)’’ believed that a stable painless ankle with from 20 to 25 
degrees of motion could be obtained by the operation, and that this was 
to be preferred to the stiff and painful ankle which commonly resulted 
without astragalectomy They had followed up ten patients on whom 
astragalectoni)^ had been performed Of these, eight had severe frac- 
tui es of the body of the astragalus, and only three were seen for the 
first tune within one month of the injurj', the lest being late cases Five 
of the ten patients had painless, stable feet, and had returned to their 
former occupations , two had fair results, and three had definitely pool 
1 esults 


DISLOCATIONS 

Ante) 101 Dislocation of the Elbow — Anterioi 


elbow, according to Tees and McKim,®^ was a 


dislocation of the 
lare type of injury, only 


thirty-one cases having been reported in the liteiature, and only twent) 
three of these being true anterior dislocations of both bones They iw 
seen two patients with this condition, both being children In one, lo 
injury followed a blow on the flexed elbow, m the other, the forearm 
was caught and pulled in the belt of a cement mixer Both dislocations 
were i educed by manipulation without difficulty, and the recovcrj' 
complete in both cases 
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CostovLi hbial Luxation — Stewart and \Vanen'' were able to find 
records ot onh ten cases ol costor ertebral luxation in the literature 
The\ had treated a patient in whom the first rib was dislocated down- 
ward tollowing a ''Ctere injure ^Vnesthesia was present around the 
innei condele ot the humerus and along the ulnar surtace ot the tore- 
arm and oeer the ring and the little finger The dislocation was reduced 
be operation eehich shoeeed the head of the nb displacing the loeeer 
portion ot the brachial plexus The sensore disturbance disappeared 
immediatele at ter operation 

RESEIRCH WORK 

I 'lability of Tiaiisplaiitcd Boiu — Pollock INIcKenne} and Blaisdell 
transplanted bone with periosteum into the knee joint abdominal caeite 
and muscles ot dogs and studied the eftect on the transplant Teeo 
inch (5 cm ) pieces ot rib tractured transeerseh were used as trans- 
plants Some w ere transplanted as such , others w ere enclosed in 
collodion membranes In the latter, death of the transplant imanabh 
occurred because the membrane precented ingrowth ot new blood 
\essels Xew bone torniation occurred onl% when the transplant itself 
became well surrounded by fibrous tissue well supplied with blood \es- 
sels The transplants seemed to surene best when transplanted in 
muscle Xew bone lormation in the abdominal ca\itc took place in 
onh one instance while all the transplants into the knee joint died 

Effect of Bone Ti ans plantation on the Blood Calcium Level — Hal- 
perm and Walsh"® attempted to duplicate the work of Schmidt and 
Obiastzow of Leningrad, who stated that the% were able to raise the 
blood calcium lec el bj homogeneous and heterogenous bone grafts The 
Russians transplanted the graft to the pectoral region between the skin 
and fascia in six persons In those with the homogeneous graft there 
was a 9 per cent rise in the blood calcium, while m those with the 
heterogenous graft there was a 4 per cent raise They beliei ed that the 
graft acted not onl} as a depot of calcium but also as a foreign bod\ 
in response to which calcium ions were absorbed into the circulation 

Halperin and Walsh howerer, experimenting with rabbits and dogs 
w ere unable to reproduce these results Ther used three normal dogs 
and three normal rabbits, and made weekh obseriations on the blood 
calcium foi four wrecks Thej found no appreciable changes and con- 

68 Stewart S F and arren J U Luxation ot the Costoiertebral Joints 
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eluded that the changes oloserved l)y Schmidt and Obrastzow were 
within normal limits 

They admitted however, that their animals were not in a state of 
hypocalcemia and that possibly a bone transplant might elevate the 
calcium level in such a condition 

Effect of the Thymus on the Consolidation of Fiactuies — Glass- 
ner and Hass studied the healing of fractures and the influence on 
the rapidity of healing of th 3 nnic extract Employing cats for their 
experiments, they extirpated the thymus and produced fractures of 
uniform type One half of the animals operated on was given daily 
injections of thymic extract for a period of fourteen days, while the 
other half was used as a control The progress of healing was followed 
by roentgen examination every eight days, and at the end of four weeks 
the animals were killed and the specimens of bone were obtained The 
animals that had not received thymic extract showed a much more feeble 
callous than normal, while the animals that had received thymic extract 
showed complete consolidation In a second series of experiments they 
compared the effect of other glandular extracts with that of the thymus, 
but the latter always exhibited the greatest effect in hastening the healing 
of the fracture 

Impoi tance of Vessels in the Round Ligament to the Head of the 
Femia — Zemansky and Lippmann,'- in a senes of rabbits 2 weeks old, 
sectioned the hgamentum teres on one side, thereby obliterating the 
circulation through it to the femoral head m order to determine the 
effect of this procedure on the developing capital nucleus The speci- 
mens were examined fiom six to thirty-six days later The changes 
observed in the femoral heads were anemia, neciosis, signs of cessation 
of ossification m this area, gross deformation of the femoral head and 
coxa vara 

They concluded that the vessels of the round ligament were essential, 
at least in rabbits, for the normal development of the femoral head 
Furthermore, as adolescence progressed, the importance of these vessels 
gradually diminished, until the epiphysis united with the shaft, at which 
time in normal animals the nutiition was derived entirely from below 
They thought it reasonable to suppose that similar conditions prevailec 
in human beings at the same relative period, i e , the period during which 
coxa plana or osteochrondritis juvenalis appeared If this supposition 
was correct, it was not unlikely that the cause of the disease was to he 
found in some maladjustment of the delicate physiologic balance that 
existed between these sources of nutrition to the femoral head 

71 GHssner, K and Ilass J Presse med 37 176 (Feb 6) 1928 
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'IHE RESORPnoX OF BOXE 

\ CONSIDEK \TtON OF TUI FNDFKLMNG PROCESSES P \RTICL L VRL'i 
IN PCTIIOLOGIC CONDITIONS* 

HENRY L TAEFE, MD 
Palhnlogi-'t Hospital tor Joint Disease' 

NEW \ORK 

The cTrlicst workers in bone weie concerned with its resorption 
How ship/ in 1S15 and 1817 discussed plnsiologic and pathologic 
resorption but others he tore him had alreadt called attention to this 
subject Later Koelliker,- using the newer methods ot histologic 
technic, applied himself especialh to a studi ot phtsiologic resorption 
and lecognized the importance m this process of the multmucleated 
giant cell which he called osteoclast (hone breaker) Man\ ot his 
conclusions m legard to the osteoclast hate been applied in their entirett 
to patholigic resorption, with the consequent neglect of other factors 
which plat a part in such resorption Eten phtsiologic resorption is 
not hi ought about solelt ht osteoclasts 

Phtsiologic resorption was recognized mant decades ago as impor- 
tant in the detelopmeiit ot the skeleton which is reconstructed seteral 
times before it reaches its adult torm Phtsiologic resorption can be 
studied when the cartilaginous skeleton is remoted and replaced bt 
the coarse-fiheied bone of the pnmart skeleton Later the pnmar\ bone 
IS lesorhed and replaced h\ lamellar bone"* That constant phtsiologic 
lesoiption goes on in lamellar bone was recognized long ago, but the 
phtsiologic and chemical importance ot this reconstruction has recenth 
been brought into reliet, as it has been bound up with the subject of 
mineral metabolism 

In this paper, I shall deal chieflt with the subject ot pathologic 
1 esoi ption It IS sometimes difficult to draw the line betw een pht siologic 
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and pathologic lesoiption For instance, should old age osteoporosis 
and inactivity osteoporosis be classed under physiologic or pathologic 
resoiption^ In a discussion of resorption of bone in general, such as 
this IS, It is not necessaiy to make such distinctions The resorption 
varies with the individual conditions that are producing it, but I do 
not plan to discuss in detail how these resorptive processes vary m 
specific diseases Pathologic resorption is seen in acute and chronic 
inflammatory diseases of bone, it occurs in all localized lesorptive 
piocesses in connection with tumors and aneurysms, in metabolic bone 
disease resorption is often prominent , in the reconstruction of callus and 
transplants and in the dissolution of callus and sequestrums vaiioiis 
degrees of resorption aie seen 

I shall aim to give a balanced conception of pathologic resorption 
A survey of the literature shows that previous discussions have fre- 
quently been limited to one phase of the problem, resulting in its oier- 
emphasis The conclusions drawn concerning the pathogenesis of 
pathologic resorption must be interpreted with regard to the material 
used in the investigation The development of resorption brought about 
by the ingestion of acids or acid salts will differ in seveial ways from 
that due to starvation, and the process of resorption in these two will 
be different from the lesorption of bone m acute inflammatory diseases 
In addition to the basic etiologic factor, the resorptive picture is influ- 
enced by the severity and acuteness of the process 

Resorption may be accomplished by osteoclasts or by blood vessels 
and granulation tissue There has been much controversy as to whether 
or not a preliminary decalcification of the bone is necessary before there 
can be resorption by osteoclasts and blood vessels The importance 
attached to the part which the lacunae and canaliculi of the bone cells 
play in resorption has varied considerably There has been a tendenc) 
to attach too much importance to the resorption of bone by osteoclasts 
Osteoclastic resorption plays rathei an insignificant part in the more 


fulminating inflammatory bone diseases 

Vascular resorption, mentioned in 1793 by Weidmanii * and m 181/ 
by Howship, was first described as a widening of the existing 
canals Attention was again focused on it when descriptions of new ) 
formed i ascular spaces in resorbing bone were published by Tomes an 
de Morgan ° in 1853, and subsequently independently described i' 
Volkmann ® in 1863 These newly formed vessel canals of bone arc 
now known as Volkmann’s canals The increased vascularization 
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the marro-w, the enlargement of the existing vessel canals and the 
perforation of both the compact and the spong) bone b} nei\l} formed 
^essels, extending out from the preexisting vessels, rapidl} reduce the 
amount of bon} tissue 

Howship, in discussing rascular resorption, described the enlarge- 
ment of the haversian canals, the surfaces of Mhich either remained 
smooth or exhibited a rough and une\en appearance The uneren 
irregular depressions in the i\alls of the ha\ersian canals, to uhich 
Howship called attention, are now known as How ship’s lacunae, the 
name hanng been extended to apply to all depressions produced beneath 
the periosteum or endosteum, on the walls of the canals, or on the 
surfaces of the spong} trabeculae during the course of the resorption 
of bone 

Followung Virchow',' w'ho attached much sigmficance to the degenera- 
tion of the bone cell and its surrounding bone (cell territories) in 
resorption and in the formation of Howslup’s lacunae, were many who 
advocated his theory and w ho e\ en modified it to account for the ongin 
of Volkmann’s canals from enlarged lacunae and canahculi of bone cells 
These view's were assailed by those who ascribed to the osteoclasts the 
sole and exclusive ability to form How ship’s lacunae, and b} those who 
viewed Volkmann’s canals as new’ly formed vessel canals of bone But 
there may be some truth in what Virchow' and his followers descnbed 
particularly in regard to the formation of lacunae b} local bone cell 
and matrix degeneration Vascular resorption can also produce such 
lacunae in bone 

V'’hen pathologic resorption occurs, I belieie that the histologic 
picture is a composite one, owing to the superposition of the pictures 
produced by the various cellular, -vascular and chemical influences 
exerted on the bone The resorpti\e picture in each case is determined 
by the stimulus to resorption and other factors, such as the particular 
bone in w'hich resorption is taking place, the age of the subject and 
the state of nutrition 

This paper is based on a stud} of the literature of resorption in 
general, as W'ell as on experience with a large amount of material from 
this laboratory, illustrating the resorptne processes in bone The 
material includes embr} onal bones, bone transplants, experimental osteo- 
porosis, acute and chronic inflammator} diseases and bone tumors 
The mateiial was studied in a \ariet} of wa}s The sections were 
decalcified in Muller’s solution, Muller plus 5 per cent glacial acetic 
acid, 5 per cent nitnc acid or ^on Ebners solution Frozen or paraffin 
sections were cut and some ground disks were made b} the file method 
using bone fixed in formaldelnde The sections were studied either 
unstained or stained b\ the following methods Mallorv s eosin and 


7 Virdiovv, R Die Cellularpathologie Berlin A. Hir-chwald 1871 \oI 1 



358 


ARCHIVES OF SURGERi 


meth3'lene blue (methylthionine chloiicle, U S P ) heinatox3'lm and 
eosin, Malloi3’s connective tissue stain, oi Foot’s modification of the 
Bielschowsk3-Maiesch silvei impiegnation technic Most of the methods 
used ha\ e been desci ibed in anothei paper * 

VASCULAR RESORPTION 

B3^ vasculai lesoiption is meant the disappeaiance of bone through 
the agenc3' of blood vessels and gianulation tissue, lesultmg in enlarge- 
ment of the existing vessel canals, the appeal ance of newty formed 
Aessel canals and changes in the maiiow 

The Vessel Coimls of N^oi inal Bone — To understand Avascular resorp- 
tion a conception of the extent and lamification of the noimal Aascular 
channels, both m the bone and m the marrow, is necessary If a tubular 
bone IS examined, it Avill be noted that blood A'^essels are earned thiough 
the compact bone b 3 '^ a series of A^essel canals AAdiich anastomose and 
communicate Avith each other, and which conve3 the blood from the 
peiiosteum to the mariow caAut3'^ The sui faces of the spong3" trabeculae 
are for the most part nourished b 3 '^ the A'essels of the mairow, but some 
of the laigei spong3^ trabeculae ma3' contain vessel canals In adult 
bone coitex, the S 3 "stem of canals consists of the haversian canals, AA'liich 
run foi the most pait longitudmall3', and the canals of the ground 
lamellae Avhich lun either circumferentiall 3 " m the giound lamellae oi 
transAeisely thiough them A system of communicating canals connects 
the haA^eisian canals with each othei and like the haversian canals and 
the canals of the ground lamellae was formed by the deposition of bone 
around pieformed Aessels A t3'^pical haveisian canal usually contains 
at least two capillaiy Aessels and some connectiA'e tissue The larger 
ones ma 3 ^ contain fat and l 3 mphoid marroAV 

The A’^essels canals of the cortex, as seen m a longitudinal section, 
appear as a continuous anastomosing and ramifying netAVork benea i 
the articular cartilage at the upper or lower end of a bone, a longitudina 
section discloses a number of haA^eisian canals in cross-section, wine 
means that m this region the haA^ersian canals haA^e changed tlieir 
diiection and lun transA ei se^"^ to the long diametei of the bone Some 
of the laiger spong 3 " trabeculae contain haA^eisian canals that run 
transA^ei seh^ to the long axis of the bone The canals of the spoUo) 
tiabeculae connect Avith the marroAA'’ spaces b 3 '^ means of short, narrow 
communicating canals AAduch are cut through their long axes in a loUj,! 
tudinal section of the bone 

The canals of the external ground lamellae are a means of connect^ 
mg the Aessels in the haAersian canals AAuth the periosteal A^esstls, am 
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the \essels in the ha\ersian canals are connected with the matron 
caMt\ b\ means ot the ^essels in the canals of the internal ground 
lamellae (figs 1 2 and 3) In another paper, I described m detail the 
vessel canals of normal and pathologic bone “ 

Changes in the Vessel Canals Dtiiing Resoiption — ^In resorption of 
bone, partictilarh m the more fulminating and inflammator} diseases 
enlargement of all the existing canals is well demonstrated m the cortex 
and a dilatation and increase m the number of blood \ esseir contained 
vithiii them The ^ascular dilatation is similar to the dilatation of 



Fig 1 — Diagrammatic representation of a longitudinal \ lew of a bone, show ing 
both compacta and spongiosa The cortex on the right shows the outer ground 
lamellae, with some Sharpe\ fibers penetrating them The haiersian s\ stems are 
illustrated, and the longitudinalK directed haaersian canals connected b\ the com- 
municating canals are shown after Braus 

smaller blood aessels eaeiawhere in the bod\ in the course ot inflamma- 
tion and the increased number ot aessels results from the proliteration 
ot the aessels alreada present Concomitanth with this mcrea-ed 
\asculaiization an enlargement ot the caliber of the aessel canals occur- 
It the diaplnseal portion of the compacta troni a case ot progressue 
chiomc osteoma clitis is examined in cross-section it is toimd to contain 

9 laffc H L Tlie t Canal"- in Xormal and Patliolocical Bone \ni I 
Path 5 32 1 1929 



Fig 2 — Longitudinal section of normal cortical bone, showing the anastomosin^^ 
and branching haversian canals The communicating canals between the 
canals are demonstrated The regularity and smoothness of the walls an 
narrow lumina of the canals are to be noted Unstained ground disk, X 7a 
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ha\eisian canals, the diameters of r\hich are increased trom one to 
se\ eral times All ha\ ersian canals are not unif orml} enlarged Depend- 
ing more oi less directly on the seieiit} of the process, few or many 
might not be enlarged at all In cross-section it ill also be seen, and 
this is more common m the seierer inflammator} processes, that there is 
an actual coalescence or tendenc}" to coalesce of sei eral of the enlarged 
haveisian canals, the thin bon) partitions betiieen them disappearing 
completel) and resulting in the formation of large spaces m tlie bone, 
containing numerous blood i essels and considerable i ascular granulation 
tissue The enlargement of the canals is not limited to the hai ersian 



Fig 4 — Cross-section of the compacta from a case of chronic osteomyelitis 
Manj of the hay ersian canals are much enlarged and filled yyith granulation tissue 
The yyalls are smooth An enlarged communicating canal is seen Frozen section 
stained yy ith gallein , X 75 Compare yy ith figure 3 

canals, but all the canals of the cortex are subject to the same process 
ot enlargement, this being true also of the feyy canals of the spongy 
trabeculae (figs 4 and 5) 

The enlargement of the existing canals may be m tbe nature of a 
unitoim enlargement ot their caliber the y\alls of the canals remaining 
smooth or it may be associated yyith the appearance ot indentations on 
the yyalls of the canal at yarious ley els These indentations correspond 
to those frequenh seen on the surfaces ot the spongy trabeculae, and 
are knoyyn as Hoyy ships lacunae (fig 6) Such lacunae are not so 
trequent on the yyalls ot the yes^el canals as they are on the spongy 
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liabcculae, and this is piobably due lo the fact that the spongy tiabeculae 
aie moie cxjiosed to gianulation tissue in inflaminatoi}' piocesses 

'Ihe extent and the couise of the canals aie also changed duiiiig 
vasculai lesoiption While the haveisian canals usually lun longitudi- 
nally, in inflamed bone then eouise becomes toituous and is lengtlieiied 
A longitudinal section of inflamed compact bone will show cioss-sections 
of haveisian canals, owing to the fact that these canals, because ot 
then toituosity, have been cut thiough a tuin in the canal 



Tig 5 — Cross-scctioii of llic comincti from i cisl of chronic ostconne i^^^- 
showing the spaces formed by the coalescence of extremely enlarged 
cunls A few havcrsian camls irc still not enlarged The sinns-IiKe spaces 
filled with xessels and granulation tissue The walls of the spaces arc sino 
1 he spaces extend irrcgularh through the compact i Fro/cn section stainei " 
gillem, X 75 


VtTc Canal'! in Rcsoibinq Bone — VolUmann, in 1863, dcscriliet t ^ 
appeal <incc of nunieious newly foimcd xesscl canals in the coittx 
diseased bone, winch diflercd fiom the existing canals in si/c, arraiig ^ 
iiient iiul xessel eontent These canals h.id iiicgulai toothed j 

iiul were narrow but of \ ining ealiber 1 he\ were not surioii 
b\ coneentnc 1 iinellae but Inoke thioiigli the lamellae snrrouiidnu 
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existing blood lessels Then course was irregular, and sometimes the> 
extended snake-like through the entire thickness of the cortex These 
canals ha^ e come to he knowm as V olkmann s canals In its earliest 
toim, a Volkmann canal appears as a short, irregular, fine crack m the 
ground substance, radiating from a harersian canal, from which se^eral 
of them ma} he seen coming oft As the canal grows, a branch or 



Fig 6 — Longitudinal section of the cortex from a case of osteom 3 elitis The 
ha\ersian canals are enlarged in diameter, and the walls are irregularh indented 
showing How ship’s lacunae Compare with figure 2 Frozen section stained with 
BIelschowsk^ s siher stain X 75 

liianches from the ha3ersian 3essel \ascuhrize it In \ascular resorption 
of hone the enlargement ot the existing \essel canals is more important 
in reducing the hone substance than the formation of k’olkmann’s canals 
( figs 7 8 9 and 10) 

Chanqis ni tin Man on Duniig I'ascitlai Rcwiptioii — While thc=e 
thanges are taking place, in the cortex the character ot the marrow is 
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Figf 7 — Camera lucida drawing showing the development of three newly formed 
passages The larger, vertical one extends from a haversian canal above to one 
below Below a fine triangular passage is seen extending through the interstitial 
and haversian lamellae as it approaches an haversian canal Some of the charac- 
teristics of Volkmann canals are shown Magnification about 100 



Tig 8 — High power camera lucida drawing, showing the details of ^ 
the ground substance that will become a Volkmann canal The crack ’ 
through the lamellae, including the cement lines, passing directly through t ic 
cell lacunae that lie m its path Coarse granules of decalcified niatcrn 
contained within the crack, along with some nuclear debris Note the irrc 
walls of the crack Afagnification about 600 
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also altered Normal!} the vessels of the marro\\ are derned from the 
nutrient artery, which enters the diaph\sis through the nutrient canal 
and from the numerous metaph} seal and epiph} seal i essels w hich enter 
the medullar}’^ caMt} through the thin cortex m the respecti\e regions 
The general pattern of the arterial lascular S}stem of bone-marrow 
has long been known It is made up of the nutnent arteiy which 
divides on entering the marrow carntA , and w hich gir es off one branch 



Fig 9 — Section of bone cortex, showing some enlarged ha\ersian canals and 
numerous newl> formed Volkmann canals criss-crossing through the ground sub- 
stance Frozen section, stained with gallein, X 73 

which passes to each epiph} sis These mam branches gi\e off finer 
branches In the region of the metaph} sis and epiphisis numerous 
nourishing i essels penetrate the cortex of the bone to enter the marrow 
caMt} While the compact bone recenes nearh all its -vessels from 
the periosteum, the nutrient, metapbtseal and epiphtseal x essels on 
passing through the compact bone also supph some branches to the 
bone cortex These branches anastomose within the cortex with -vessels 
that entered from the periosteum The \ essels ot the cortex nearest 
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the medullary cavity anastomose with the marrow vessels There is, 
therefoie, an extensive anastomotic connection within the cortex between 
the vessels of the periosteum, and the epiphyseal, metaphyseal and 
nutrient arteiy branches, while within the medullaiy cavity branches 
of the latter three vessels anastomose with those of the periosteum 
that have entered aftei passing thiough the cortex 














iric con 
the ma 
extrenr 
essels 














J IFFE—RLSORPTIO V OR BONE 


367 


the hmphoid marro\\ dibappears and is replaced hi pohmorplionuclear 
leiikocxtes -nith a sprinkling of inflammatori exudatue cells in the 
seierer lesions In the less se\ere lesions more fibroblastic proliteration 
IS piesent and gi eater numbers ot 1\ niphoci tes, plasma cells, eosinophils 
and inflammatori exudatn e cells appear ' As a result, there is encroach- 
ment of vessels and granulation tissue on the marrou surtace ot the 
cortex and on the surtaces ot spongr trabeculae r^hich become thinner 
and smaller and u Inch ma\ appear gouged out ow mg to the de\ elopnient 
ot numerous depressions uhich are the Hoiiships lacunae (fig 11) 
The speed of the destruction ot the spongi trabeculae is dependent on 



Fig 11 — Section through the rib of a dog suffering trom experimental osteo- 
porosis due to calcium deficienc% It shows the atrophic spong\ trabeculae, dis- 
appearance of the hmphoid marrow which is replaced b\ a loose connectiie tissue 
containing numerous blood lessels, mam of which are in apposition with the 
atrophic spong\ trabeculae Paraffin section stained b\ Bielschow sk\ -Maresch 
siher stain X 75 

the seteiitt ot the lesion In the seterer lesions the spongt trabeculae 
seem to be resorbed without osteoclasts The resorption ot the spong\ 
trabeculae must be tiewed as analogous to the enlargement ot the tessel 
canals ot the cortex Because ot the thinness ot the trabeculae and the 
greater rascularitt ot the surrounding tissue the\ are more \uliierable 
to lesoiption 

The sponge trabeculae inae also be penetrated h\ newh tonned 
\csscl canals and those canaB alreade present tiiae become enlarged 
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siinilaily to those in the cortex During resorption, the osteoblasts 
lining the tiabeculae and the vaiious canals disappear, and new bone 
formation ceases The osteoblasts do not reappear until degeneration 
takes place Sometimes in the same section certain aieas show resoip- 
tion still in pi ogress and an adjacent area may show cessation of resorp- 
tion or the lesumption of degeneration The same trabecula may show 
resorption on one surface and bone regeneration on the other 

The Mechanism of Vasculai Resorption — In discussing vascular 
resorption, I described the changes as they occur when the resorption is 
acute and extensive I indicated that the vascular changes in resorption 
vaiy with the seventy and the cause of the lesorption While vascular 
factors are associated with the resoiption of bone during old age, the 
changes are not so radical as they aie m even a mild inflammatory 
process, but they are present There are differences in the character 
of the vascular changes of resorption in the various inflammatory 
diseases of bone, which is also true in regard to the resorption caused 
by varying degrees of calcium deficiency in the diet The amount of 
dilatation of the vessel canals depends more or less on the degree of 
vasculai ization, the speed and extent of the resorption being less when 
fewer vessels are present and when the granulation tissue is moie 
cellulai 

The question as to how vascular resorption occuis arises There 
IS no doubt that osteoclasts play little or no part here In fact, they 
are rather infrequently seen on the walls of the vessel canals in the 
more acute resorptive conditions and they seldom appear on the 


trabeculae in such conditions 

Whether enlargement of the vessel canals and the formation of 
Volkmann’s canals are preceded by a decalcification of the bone has 
not been decided It is difficult to conceive that the extensive enlarge- 
ment of the existing vessel canals and the formation of new vessel 
canals, taking place at the rate they do under many conditions, shou c 
not be preceded by or simultaneously associated with decalcification o 
the bone ground substance in the vicinity of the vessels Normally the 
condition of calcium equilibrium in the adult is undoubtedly an instance 
of dynamic equilibrium in which the decalcification that is constan y 
going on IS balanced almost exactly by calcification which is also a 
continuous process Normally the calcium ingested in food replaces i 
calcium lost from the bone in the normal process of bone metabolism 
The calcium excreted represents, therefore, the excess of calcium inges e 
plus the calcium lost from the bone In an adult animal in rvhici 
calcium equilibrium has been attained, the amount ingested equals t le 
amount excreted almost exactly It must be understood, lion ever, that 
the calcium equilibrium may be disturbed by the ingestion of certain 
clcctrohtes that ma^ displace calcium from the bone or may so change 
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the composition of the circulating fluids as to fa\or the excessne solution 
of calcium from the bone Should calcium be -nithdrawn from the 
diet, then a negatu e calcium balance \\ ould also de^ elop and conceivabh 
the bone in the Mcinit} of the vessels would become relatiieh decal- 
cified The remaining organic ground substance is then more susceptible 
to enz}mic or cellular influences faiormg its removal 

For obtaining histologic evidence of decalafication, onh the ground 
disk methods are useful Ground disks of bone fixed in f ormaldeh} de 
show^ that enlargement of the lessel canals is accompamed bi changes 
m the ground substance of the bone, particularl) in the calaum salts 
which, in the region of the resorption, appear as large irregular, coarse 
granules In ground disks of normal bone tliey appear as fine, regular 
granules 

The W'a}'^ in which the bone becomes decalcified and what part the 
lessels and granulation tissue that have invaded the \essel canals pla} 
are still matters of speculation The direct abifity of the endothehal 
cells of the blood vessels to resorb the bone has been adiocated b} 
many and recently particular!}' bj Pommer,^“ but others have demed 
this The w'ay in which the ground substance is decalafied depends 
on the cause of the bone resorption 

That bone may be decalcified in m\o has been shown b} the fact 
that dietary deficiencies ma} lead to its decalcification Expenmental 
osteoporosis due to calcium deficiency is a well known example Bone 
may be quickly decalcified m mo by the admimstration of acids or aad 
salts, while starv'ation wall also lead to similar results Histologic 
evidence of decalcification m these instances is supported by chemical 
analysis of the bone These facts are recited to show that m certain 
conditions of bone resorption decalcification is present and apparent!} 
precedes the enlargement of the lessel canals b} a variable time mtenal 
The results obtained from a stud} of the chemical and dietar} deficiencies 
of bone are to some degree applicable to a stud} of the resorption 
due to mflammator} diseases, bone tumors, etc It seems that the 
resorption of bone under an} condition is dependent on preiious decal- 
cification In mflammator}' diseases the increased blood flow to the bone 
may be associated with local changes m the h}drogen ion concentration 
The blood plasma and hmph are so well buffered that changes in 
h}drogen ion concentration are not easih produced Cellular metabolism 
howeier, occurs under conditions which suggest that different />h con- 
centrations ma} exist in different portions of the same cell The recent 
work of Chambers with his microdissection technic has shown this 
These changes mai eien be more extensne without being reflected m 
a lower plasma /)n Such increased local aaditi mai result in the 

10 Pommer G Ueber O^teoporoce ihren Ursprung- una ihre fimerentnl- 
diigno'^ti^che BedeuUing \rcb { kim Qiir 136 1 1023 
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piodvit-tion of naiiow zones of eithei complete oi lelalive clecalcification 
in the A'lcinity of the vessels d hese naiiow zones of decalcified oiganic 
matiix peimit fuithei enlaigement of the vessel canals when they aie 
lemoved As the vessel canals enlaige, newly foimed vessels and 
gianulation tissue appeal in them Ihe decalcified oiganic matiix is 
lemoved by tissue enzymes oi by phagocytes in the gianulation tissue 
Just how this change in the pn is made is not known It may be due 
to local distui bailees m the caiboii dioxide tension, to local lactic acid 
pioduction 01 locally to deficient oxidation 

I liaAC indicated that decalcification may be hi ought about by a 
numbei of agents, both local and geiieial The extent of the piehinniaiy 
decalcification depends on the cause of the decalcification Decalcifica- 
tion due to ingestion of acids oi acid salts oi calcium depiivation niay 
be of much gieatei extent than the decalcification due to local inflam- 
matoiy conditions The slow lemoval of the decalcified organic matiix 
accounts for the histologic evidences of calcium deficient bone as 
demonstiated by the osteoid holders ni bone stained i\ith eosin 
carmine aftei Mullei fluid decalcification In such instances, fieie 
is a definite and piolonged time interval between the appeal ance of le 
calcium-pooi zone and the lemoval of the calcium-poor oiganic ina 
In the more acute mflammatoiy conditions with local decalcification. le 
progiess of the decalcification and the aggi essiveness of the lesoipive 
leaction may be so closely inteii elated ni time that no soonei is tie )0ii 
decalcified than the decalcified matiix is leinoved Undei such conn 
tions, deal cut histologic evidences of pieliniinaiy decalci ication i < 
lie lacking Even in these conditions, however, giound disks of unc ec. - 
cified bone show that theie is a change in the calcium salts m 
vicinity of lesoiption, and that pielimmaiy decalcification ta^es l 

in inflammatoiy diseases .cttnc: 

Volkmann’s canals aie pioduced in the same way Between ex h 

vessel canals local aieas of decalcification appeal which 
larized The appearance of threadlike ciacks in the groun 
is associated with a loss of calcium along the path of the ciacv 
crack lapidly eiilaiges and grows in length, and giadually nicreas 
width, beginning at the base which is at the haversian caiia 
elongated, triangulai passage is thus pioduced The ^ 

canal at this stage are irregular and toothed, and the canal is vascu ‘ ’ 

but the vessel IS preceded, accoiding to Pommer,“ by some 
tissue which seems to play a part in the opening of the ciaclv 
m.inn canal may liccome as wide as a noimal haversian canal o ' 
l)elie\ed that the new canals resulted fiom the disintegration o 

11 PoiniiKr G Untcrsuchuncrcn uber Osteomalacic uivl 
r L \N ^ 1885 Uebtr <kn BtRntT und die BedcuUnifr dcr durcn 

kiKichenkatnk Zt'chr 1 niiKr amt Torscli 9 540, 1927 
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ground substance and that lacunae and canahcuh ot the bone cells 
rareh pla}ed a part in their production OccasionalK lacunae of the 
hone cells might be seen opening on a canal, but this happened onh 
u hen a lacuna la\ in its path Volkmann recognized that the canals \\ ere 
A ascularized b\ Aessels coming trom the existing harersian vessels 

The Relation of Bone Cells to Vasculai Resot ptwn — ^The possibility 
that the bone itself is not entireh passne in resorption desenes more 
attention Virchow long ago called attention to the changes in the 
bone cells and lacunae in resorption and beliei ed that Hou ship s lacunae 
were produced as a result of local disintegration of the hone Others 
haie eien derived the ^'olkmann canals from lacunae and canahcuh of 
the bone cells In inflammator} resorption, I, like mam others, hare 
frequent!} noted enlargement of bone cell lacunae, degeneration ot the 
hone cells and confluence of bone cell lacunae Although these changes 
occur, I do not belieA e theA result m the formation of V'olkmann s canals 
The} haA e no direct relation to a ascular resorption 

OSTEOCLASTIC RESORPTION' 

Prohahl} much more has been AAritten about the resorption ot bone 
b} osteoclasts than about an} of the other phases of bone resorption 
Though there are those A\ho do not ascribe functional sigmficance 
to the osteoclasts the inajoritA opinion accepts the resorptne ability 
of these cells as proAed Eien those who accept the resorptne poAvers 
of the osteoclasts, hoAAeAer, differ as to the extent and importance of 
this actiAit} Some mereh acknowledge that the osteoclast can resorb 
bone, AAhile at the other extreme man} declare that all resorption of 
bone IS accomplished b} osteoclasts I am conAinced that the osteoclasts 
aie capable of resorbing bone but I do not expect to find resorption 
bA osteoclasts in all bone no matter AAhat the basis for the resorption 
I liaAe seen extensne resorption of bone m the absence of osteoclasts 
Such obserAations do not mean that osteoclasts haAe no bone-resorbing 
poAA ers, but mereh that in certain tA pes of resorption ot bone osteoclasts 
pla} a negligible role Osteoclasts may be absent or thcA may apparently 
dominate the resorptiA e picture Their presence or absence depends on 
the cause and the course of the resorption and they are merely an 
expression of the yyay in yyhich the tissues are reacting to a stimulus 
Osteoclastic resorption yyhen present is alyyays associated yyath other 
resorbing processes and it may come into prominence yyhen Aa«cular 
resorption is not aggressne In conjunction yyith resorption ot bone b} 
osteoclasts yy itb the resultant formation ot Hoyy ship s lacunae so many 

12 Rindflei<;ch G E Patholosi^clii. Gcyyebcichrc ed 5 I eipzicr W liiiclm 
Ensclmann 1878 Thierielder E A \tlas d pathol Hi^tolosic Eeipzis EiiC' 
1876 
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associated phenomena must be discussed, that the laige amount of 
space devoted to osteoclastic lesoiption often gives an eiioneous impres- 
sion concerning its impoitance m pathologic lesoiption 

The piocess of lesoiption of bone by osteoclasts, lesulting in the 
foimation of Howship’s lacunae, is known as lacunai eiosion How- 
ship’s lacunae appeal on the peiiosteal oi endosteal surfaces of the bone 
and less fiequently on the walls of the vessel canals They vary in 
form, but geneially tend to be hemisphei ical depiessions measuiing from 
30 to moie than 100 micions m their gieatest diametei In oi neai 
these depiessions, osteoclasts aie fiequently seen These cells were 
fiist distinguished from the megakaiyocytes of the bone-inaiiow by 
Robin Koelhkei was the fii st to discuss the cause and effect relation- 
ship between osteoclasts and Howship’s lacunae Koelhkei desciibed 
them in the noimal, physiologic lesoiption of gi owing bone, while 
Wegnei soon after discussed the presence of osteoclasts in the How- 
ship’s lacunae of pathologic bone In ceitam paits of the normal 
growing skeleton wheie theie is maiked lesoiption, particulaily m 
the jaw, osteoclasts and Howship’s lacunae are piesent in large numbers, 
which IS also tiue for certain pathologic conditions in which the lesorp- 
tive piocess is slow and piogiessive 

The way in which the Howship’s lacunae aie foimed has laised 
long and inteiesting discussions Whethei they aie foimed by the 
osteolytic activity of the osteoclast oi whethei these cells simply pbago- 
cytose the bone which has undeigone a primary change will be discussed 
latei However, it is impoitant to lecognize that changes in the bone 
bi ought about by chemical and physical influences may lead to its 
softening, so that the bone may become moie subject to cellular 
encroachment, oi else, such changed bone may actually sepaiate ofl, 
lesulting m gouged out surfaces 

A discussion of the numeious aspects of osteoclastic lesoiptiou is 
necessary to show the development of the knowledge concerning these 
cells When they are present in resoiption they pioduce such a striking 
impression that attention is immediately directed toward them So many 
conflicting reports concerning their origin, foimation and function are 
curient that a review is indicated with the peispective that osteoclasts 
aic only a part of the process of lesorption 

Oiigm — Difteient opinions have been expressed as to the cells 
from which the osteoclasts originate, the conclusions having been drawn 
trom a ^arIety of material Their origin has been traced from the 

13 Robin, C P Sur I'cMstencc dc deux epcces noinellcs d’cleiiicnts 
toinif|tiC', qui "se troincnt dans le canal mcdulhire dcs os, Conipt rend ‘’oc f 
biol 1 149, 1849 

14 \\t(,nLr G M\cloph\cn iind Knoclicnrcsorption, Virchows Arch f P‘ 

\int 5C 324 1872 
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mature or embrjonal connectne tissue ot the marrow from osteoblasts, 
bone cells and from the r ascular or 1} mphatic endothelial cells In r lew 
of the increased knowledge concerning the circulating mononuclear 
leukocjtes and the W'andering large mononuclear phagoc}tes of the 
tissues, their relation to osteoclast formation must be considered The 
difficulty in tracing tire origin of the osteoclasts in mammals is the fact 
that their formation is rapid, so that in fixed preparations it is difficult 
to find transition stages 

Origin from Embr}onal Connectire Tissue Koelhker, i\Ionson,^“ 
Jackson, Dantschakoft and Maximow traced the origin of the 
osteoclasts in tetal bone to the enlarged reticulum or embryonal con- 
nectne tissue cells of primary bone-marrow Jackson described their 
origin from the reticulum cells of the primar} marrow through mitotic 
division of the nuclei without protoplasmic dn ision Dantschakoft and 
Maximow also traced the origin from these cells, but the} beliered that 
osteoclasts arise as a result of the confluence of tliese cells without 
nuclear dn ision According to Maximow, the giant cells at first remain 
in contact wnth the adjacent embr}'onal connectne tissue by fine anasto- 
motic processes, but these soon disappear The number of nuclei m 
these first osteoclasts is usually betw'een three and ten and the osteoclasts 
have irregular shapes Morison expressed the belief that the\ mai 
arise from the embr}onic connectne tissue by either multiplication or 
confluence Jordan^® recentl} confirmed Maximow ’s obsenations 
except that occasionally he obsen'ed mitotic dn ision of the nucleus m 
the early stages Arey also held that m the earliest stages of bone 
development, and to a lesser extent in the later stages, osteoclasts appar- 
ently arise from the confluence of primiti\e connectne tissue cells of 
the marrow It seems then definite!} proied that in fetal bone the 
osteoclasts arise from embryonal connectne tissue, probably solel} b} 
confluence of these cells 

My studies of fetal bone are confirmatory of such an origin In 
a number of young fetuses, I obseried osteoclast formation from the 

15 Monson, A Bone Absorption bj Means o£ Giant Cells, Edinburgh M J 
19 305, 1873 

16 Jackson, C M Histologie und Histogenese des Knochenmarkes, \rch i 
Amt u Ph} siol , 1904, p 33 

17 Dantschakoff, V Entwicklung des Blutes und Bindegewebes bei den 
V'ogeln, \nat Hefte 37 471, 1908 

IS klaximow, A. Experimentellc Untersuchungen ueber die entzuendlicbe 
Neubildung ion Bmdegewebe, Beitr z path Anat 32 573 1902, Lnler^uchungen 
ueber Blut und Bindegewebe, Arch f mikr Anat 76 1 1910-1911 

19 Iordan, H E Further Eridence Concerning the Function ot Osteoclasts, 
Anat Rec 20 281, 1921 

20 Arc\ L B The Origin, Growth and Fate oi O-tcoclasts and Their 
Relation to Bone Rc«orption Am J Anat 26 ol6, 1920 
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embi}onal connectne tissue smiounding ^ascuIal spiouts which i\eie 
invading the capsules of degeneiating caitilage cells Osteoclasts that 
appealed in the piimaiy maiiow spaces in connection with the trabeculae 
of primal y bone also could be tiaced to the mesenchymal connective 
tissue Osteoblasts are developed fiom this same mesench 3 inal con- 
nective tissue (fig 12) 

Oiigin fiom Matuie Connective Tissue Von Rustizky desciibed 
the oiigin of the osteoclasts fiom matuie connective tissue By that 
he probably meant the fiibi oblasts His conclusions were diawn from 
expel iments on labbits and fiom a laige amount of pathologic inateiial 
He described two types of osteoclasts, fixed and wandeiing An oiigin 
fiom matuie connective tissue cells (fibi oblasts) seems to be contradicted 



Fig 12 — Camera lucich drawing of a pnniar\ trabecula lined bj some o^tco 
blasts To the right a aoung osteoclast is seen forming bj fusion of cmbr\oi'a^ 
connectn e tissue Some of the cells making up the osteoclast are still altac ict 
the surrounding mesenchMual connectiae tissue b\ processes 


In the latest concepts of the connectne tissues, tvhich consider tie 
fibi oblasts as liighl)’^ dilteientiated cells incapable of iindei going traiF 
foimation into foreign body oi inflammaton cells Riistizky s Me" 
w'tie in haiinont with the ideas then preaalent concerning the ori^m 
of the giant cells in general The tlieor} that giant cells arose fiom I'se'^ 
ennncctne tissue cells originated with Viichow This conception s i 
Ins some adherents Lubai seb," as recenth as 1923 mentioned tii 


21 \ on Rustlzk^ J L'litcrsuchuiigcn iiebcr Knochcnresorption und Rk-Ss 
/ clkn \ irchows Arch f path \int 59 202 1874 

22 I ubarsch O Fnt/uendung m VsehofT Ludwig Patliologncbc 
kill ('iusta\ Fi'-chtr 1921 eol 1 ssO 
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most ot the giant cells in inflammatoi) granulation tissue uere derned 
tiom fixed connective tissue cells 

Origin troin Osteoblasts Assuming that osteoclasts are derned 
mainh or entire!} tiom mesenchimal cells during the embr}onal life, 
it is important to discuss their mode of origin ni later hte m normal 
and 111 pathologic bone 

^lam of those vlio concede the origin ot the earliest osteoclasts 
trom embrional connectne tissue, neiertheless belieie that m older 
bone or in diseased bone the osteoclasts are tormed trom osteoblasts 
Eien Koelhker, 11110 is quoted as liaiing forniulated the osteoblastic 
tlieori ot osteoclast torniation, admits that during the erosion of the 
caitilagnious skeleton he sail pictures that indicated the origin of 
some ot the osteoclasts tiom mesenchimal connectne tissue Others 
liaie derned all osteoclasts from osteoblasts The condition ot the 
osteoblasts at the time ot osteoclast formation has been lanousli stated 
and there has also been a difference of opinion as to iihether osteoclasts 
are formed from osteoblasts bi a process of confluence or bi mitosis 

Koelhker mamtanied that osteoclasts arise almost exclusneli trom 
osteoblasts and attain their multmucleariti bi repeated nuclear dnisions 
Pommel also belieied that osteoblasts were capable of producing 
osteoclasts, as Koelhker described, but he did not belieie that thei 
arose exclusive!} from osteoblasts Howell-* belieied that giant cells 
in general w'eie formed b} tusion ot smaller cells m consequence ot 
too lapid growth and that osteoclasts m particular were probabh tormed 
In fusion ot closeh packed osteoblasts which were torced to coalesce 
Aiei expressed the behet that while in the earh stages of bone deielop- 
ment and to a certain extent m later stages osteoclasts apparenth arise 
trom the confluence ot inesenclnmal and connectne tissue cells ot the 
marrow the chiet source ot osteoclasts is trom old osteoblasts and 
bone cells He stated that the depleted basophilic osteoblasts coalesce 
to torm multinucleate masses These s\nc\tial elements become ttpical 
osteoclasts when their citoplasin assumes oxAphiiic properties He 
tound intei mediate tinctorial and transitional stages On the other hand 
Toidan, while tracing most ot the osteoclasts trom the marrow reticulum 
tound that dining later stages osteoclasts also arise from }Oung slighth 
differentiated osteoblasts b} fusion 

bile these authors admit an origin ot osteoclasts either entireh 
01 parth fiom osteoblasts theie is no unanimite ot opinion as to 
whether the osteoblasts are depleted or pin siologicalh actnc or whether 

23 Pommcr G Lelxr die O'teobHstontlieonc Virchow- \rch f path \int 
92 296 1883 

24 Howell \\ H Oh'.er\ ation- Upon the Occurrence 'Structure and FiinC' 
lion 01 the Giant Cells ot tlx Marrow T Morphol 4 117 1890 IS9I 
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the piocess IS one of nuclcai division without dnision of the piotoplasin 
oi one of cell confluence 

Stud)ung many sections fiom a vancty of mateiial, I have not 
found convincing evidence of the ongin of osteoclasts fioin osteoblasts 
While I have fiequently seen laige clumps of osteoblasts on tiabeculae, 
geneially these clumps weie made up of cells which always maintained 
then individuality Wheie theie wcie evidences of nucleai and cyto- 
plasmic degeneiation in these cells, no definite evidence of fusion was 
obseived In specimens of adult bone decalcified in Mullei’s solution 
and stained with eosin and methylene blue, the c3'toplasm of the indi- 
vidual osteoblasts and clumps of osteoblasts was always basophilic, while 
the osteoclasts, no mattei how small and no mattei how few the nuclei, 
always had acidophilic cytoplasm My studies lead me to i eject the 
conception that osteoclasts aie foiined fiom osteoblasts, and this holds 
foi both embiyonal and adult bone 

Oiigin fiom Bone Cells In legaid to the oiigin of osteoclasts fioni 
bone cells, Biedichm-® stated that the giant cells aie a stage in the 
piocess of the tiansfoimation of bone into maiiow and gianiilation 
tissue A similai view was held by Kassowitz,-® who, howevei, believed 
that at fiist theie was an incieased vasculaiization of the bone and 
decalcification, following which the bone cells piolifeiated to foim giant 
cells Loewe believed that the osteoclasts aiose fiom bone that was 
decalcified aftei its sepaiation fiom the mam bone mass Finally, these 
osteoclasts bieak up into as many individual cells as theie aie nuclei, 
and dispel se themselves in the bone-man ow Lang-® also believed that 
the giant cells aiose mainly from bone cells While bone cells may be 
taken up by osteoclasts, several authois having actually obseived their 
phagocjtosis by giant cells, an oiigin of osteoclasts fiom bone cells 
seems untenable 

Oiigin fiom Vasculai Channels Wcgnei obseived a close associa- 
tion between osteoclasts and blood vessels in pathologic bone IL 
believed that in bone lesoiption osteoclasts aiise by piolifeiation of the 
vessel wall, and that these osteoclasts ciode the bone as they aie pro 
lifeiating Wegnei is not clcai as the details of such an oiigm He docs 
not state ^\hethcl these cells aiise fiom the lining endothelial cells or 
from the perivasculai endothelium, or fiom the musciilai and connccti'C 

25 Brcclichin, J Ueber die Bcdcutung der Ricscn/cllcn im Knoclicn, Ccntnlli 

f d med Wisscnsch 5 563, 1867 . , 

26 Knssouitz, At Die nornnlc Ossificition tind die Erknnktingcn 

Knocbcnsjstcnr;, Atcd Jnbrb , 1879, pp 145 and 293 ^ , 

27 Loewe, L Ueber die Umwandlungcn dcr Ostcoklastcn im 

nebn Bemerkungen iicbcr Knocbcnwacbslum, Arcb f inikr Amt 16 618, 1 > 

28 Lang, L Unfersuebungen ueber die crslen Stadien der Knoclicncnl^i 
dung Med Tabrb, 1871, p 34 
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tissue elements of the ^\all Others, among them j\Iaas,-° expressed an 
intimate i elation het^\een the osteoclasts and the Aessel ^^alls. thoueh the^ 
did not state that the cells are actuallj’- denied from the lessel nails 

The Fojcigii Body Gmnt Cell ConccpUon of Osteoclasts — ^Through- 
out the literature on osteoclasts the idea frequenth recurs that osteoclasts 
are related to the giant cells found m a nide iariet> of conditions 
Mallor} made a definite statement to tliat effect Haj-thorn,^’^ in a 
recent review of the subject, accepted this point of iien and he said 
that most modern writers group tire Langhans’ cell of tuberculosis, the 
common foreign bodj giant cell and the osteoclasts as one cell tipe nhich 
forms m response to a stimulus and which laries morpholo^cally onh 
with local emironmental influences The new that the osteoclasts 
are functionally and genetically related to foreign body giant cells 
IS an important conception and one that is helpful in explaining the 
ongin of osteoclasts in pathologic resorption during adult life It seems 
logical that injured, decalcified or dead bone that shov s no regenerating 
tendencj’’ becomes essentially a foreign bodj, and the cells in contact 
with it trj' to remoi e it 

To enter into a detailed discussion of the origin of the foreign 
body giant cell as a basis for the understanding of the origin of the 
osteoclast of later life Mould take me too far afield iSIoreoier, this 
has recently been m ell doMm by Hai thorn The opinion is that foreign 
body giant cells are denied from the mononuclear leukocytes of the 
circulation and nandering cells of the tissues Whether mononuclear 
leukocytes arise from lascular or Ijmphatic endothelium (Alallorj), 
ivhether they are transformed cells of the marroiv (Sabin) or circulating 
blood cells (Maximoiv), or nhether they come from the reticulo- 
endothelial system (Aschoff) and iihat their connection is intli the 
ivandermg cells of the tissues are problems that haie not been settled 
Whatever the exact origin of the nandering large mononuclear phago- 
cjle of the tissues may be, and nhether they represent a single specific 
cell or a group of allied cells, these cells and the mononuclear leukocite 
are concerned in the formation of the foreign bodi giant cell and 
consequent!) the osteoclast of later life 

The relation of the osteoclast to the foreign bodi giant cell has 
been stressed, and I belieie must be accepted From a studi of the 
literature and from my onn observations, it appears that the osteoclast 
in embrjonic life is denied from the mesenchime, and that in later 
life, under both normal and pathologic conditions, the osteoclast 1= 

29 Maas, H Ueber das M ichstum und die Regeneration der Roehrenknochen 
Arch f klin Oiir 20 718, 1877 

30 Mallon, F B Gnnt Cell Sarcoma J Research 19 463, 1911 

31 Hai thorn, S R Multinucleated Giant Cell=, ^rch Path 7 6S1 (A.pnO 
1929 
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a leactive cell ansing by fusion of the lestmg wandeiing cells of the 
tissues supplemented the mononuclear cells of the cn dilation It 
seems to me that the theoiy of an origin by osteoblastic fusion or 
prolifeiation must be abandoned Osteoblasts and bone cells may be 
present m osteoclasts, if so, they aie piesent by viitue of phagoc 3 tosis 
Moi plwlogy — The appeal ance of the individual osteoclast varies 
consideiably The osteoclast may be eithei small or large and may 
contain a few or as many as 100 nuclei Laige, fully developed 
osteoclasts are elongated, flat, multinucleated cells of iriegtilar shape, 
without a definite limiting membiane Koellikei lecorded their inaMmiini 
size in the new-born infant as fiom 43 to 91 micions in length, from 
30 to 40 microns in width, from 16 to 17 microns m thickness, and 
with as many as fifty or sixty nuclei Are}' found the measurements 
in the embiyonal pig to run as high as from 65 to 105 micions, with 
a nucleai count of about 125 Smaller matin e osteoclasts ma} contain 
as few as fii'e nuclei oi less and be no more than from 6 to 10 microns 
in the largest diameter The first osteoclasts formed during embi}onal 
bone f 01 matron usually have between thiee and five nuclei Osteoclasts 
often fuse to form large syncytial masses 

Some osteoclasts haAe been described with simple, branched or 
pseudopod-like processes, and Dantschakoft, Maximow and Arei 
beliei ed that osteoclasts were capable of ameboid motility, but Koellikei 
failed to confiim ameboid motility in living osteoclasts, examined on 
a warm stage That they are capable of moi'ing about is evident fiom 
the facts that they frequently are outside of the Howship’s lacunae, and 
that they may be seen entering capillary A'essels (fig 13) 

The cytoplasm of osteoclasts encountered in adult or in pathologic 
bone IS strongly acidophilic While some hai'e obseried osteoclastic 
cytoplasm in all tinctorial stages fiom basophilic to acidophilic, I haAC 
not obseried a cell that I could ivith certainty call an osteoclast, except 
in embi}onic life, that contained any but acidophilic c}toplasm ' 
c} toplasm IS granular, sometimes coarsely so When stained accordiiit, 
to Foot’s modification of the Bielschowsky-Maiesch siher iinpregna 
tion method, the cytoplasm of osteoclasts contains large, coarse, i a 
gianules (fig 14) A Aariable number of A'aciioles is piesent, but 
whether these are fat has not been definitely proved 

The nuclei are round or obliquely round and tend to be i)\knotic. 
esiiecialh in the older, apparently degenerating forms One or tw 
nucleoli may be seen m larying positions Some nuclei appeal" 

^huinken or folded, but conMiicing amitotic stages haie not J ^ 

oli-cMed b\ Maximow, ArcA and others Koelbker reported fiiK 

Si Foot \ C Cheiiiical Contrast Between Colhgenoiis ind Rcticul'n' C 
ncLtuc Ti^'-uc \tn T Pith 4 525 1928 
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some diMsion figures, but most ot those \\ho focused their atten- 
tion on this point ^\ere unable to confirm the observation iMaxi- 
moA\, though not den} mg the posslblht^ stated that he ne\er obserred 
mitotic or amitotic dnision figures in the material he examined In 
pathologic material, I never observed mitotic division figures 

Certain osteoclasts exhibit a brush border along the edge in 
apposition with the bone Koelliker and Wegner were among the first 
to make this observation Arev observed this particularlv m the osteo- 
clasts of cattle jMaximow even observed such borders on some ot 
the foreign body giant cells In dogs suffering from experimental 
osteoporosis, I have occasional!} observed such borders This border 



Fig 13 — Camera lucicla drawing showing a spongv trabecula from the marrow 
caMU of a rib of a dog suffering from osteoporosis The lower surlace ot tht 
trabecula show s resorption osteoblasts Inv mg disappeared Some How ship s 
lacunae and an opened bone cell lacuna are seen One osteoclast is seen in, and 
another is seen entering a dilated capillars adjacent to the trabecula Magiiific ition 
about 600 


stains moie intcnsdv than the rest ot the cell and mav be finch striate 
oi composed ot coaise elements Some osteoclasts have a t ringed oi 
toothed appeal anee while others are observed with fibeis and fibrih the 
lice edges ot which extend trom the cell and are in contact with the 
suiiotinding tissues 

Iiiudiou — Tn spue of some negative statements m the litei attire 
It m IV be accepted that osteoclasts are capable of removing bone I 
mein to include here their alnlitv to erode bone directlv i' tliev 'ome- 
tiiuf' appeal to be iloing when thev ire in How ship ^ lacunae and aho 
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the ability to phagocytose dead bone But bow important this function 
IS, in lesorption of bone, is open for discussion Koelliker was the 
fust and most peisistent exponent of their bone-destroying function 
He believed that then presence m the Howship’s lacunae of resorption 
surfaces demonstrated this function beyond controversy Among the 
many who have subscribed to this view were Wegner, Morison, Jackson, 
Maximow and Jordan Mallory even suggested that the erosion of bone 
may be accomplished mechanically by the biush border of the osteo- 
clast Schaffer likewise held that osteoclasts have a bone-destroying 
action Jordan described the presence of small spicules of bone within 
some osteoclasts, which he believed were phagocytosed Using Foots 
modification of the Bielschowsky-Maresch silvei impregnation technic, 
I have also observed osteoclasts containing fragments of bone These 
fragments stained like the collagen fibrils of the bone (fig 15) 



Fig 14 — High power camera lucida drawing of part of a trabecula 
medullary cavity of an osteoporotic rib of a dog A deep Howship lacuna 
containing an osteoclast which fits snugly into the lacuna The osteoclast ® 
numerous coarse dark granules Paraffin section, Bielschowsky-Maresc i si 
stain 

In spite of much evidence in favor of eithei a phagocytic 
osteolytic function of the osteoclasts, some definite denials of sue 
function have appeared Strelzoff did not believe that osteoclasts con ^ 
resorb bone Ziegler doubted the resorptive function of osteoc as ^ 
liecause he believed that the osteoclasts seen in numerous bone c 
ditions were genetically unrelated Howell opposed the probabi it) 

33 Schaffer, J Die Vcrknoecherung des Unterkiefes und die ^fefaphs'*^^ 
A.rch f mikr \nat 32 266, 1888 

34 Strelzoff, Z J Ueber die Histogenese der Knochen, Unters aus P 

Instit zu Zurich, Herausg -v C Eberth, Leipzig, 1873 nclaa- 

35 Ziegler, E Ueber Proliferation, Metaplasie und Resorption des 
gewebes, \'ircho\\s \rcli f path -^nat 73 355, 1878 
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osteol} tic function, belie\ mg that the formation ot osteoclasts m embry- 
onic life or m pathologic conditions ^vas accidental o\Mng to rapid 
grouth and fusion of the cells Lewis thought that there \\as no 
satisfactory e\idence that the osteoclasts ^\ere actne causes of bone 
destruction, and believed that they vere degenerating cells Are> 
recently stated that only indirect and insufficient CMdence points to 
osteoclasts as actne, specific agents of bone resorption To him the^ 
are merely degenerating, fused osteoblasts Arey vould attnbute to 
them the capacity ot phagocytosis but not osteoljsis Furthermore, he 
stated that the mere presence of cjtoplasmic inclusions vithm an osteo- 
clast by no means indicates that the latter uas responsible tor the dis- 
solution of the material ingested 

Arey takes issue uith those who use “osteolj-tic” as a term inter- 
changeable vith “phagoc}1;ic ” In the true sense, osteoljsis b} osteo- 



Fig 15 — High power camera lucida drawing of a trabecula from the marrow 
caMty of a dog suffering from osteoporosis On the right there is a How ship's 
lacuna with a fringed border On the left is an osteoclast containing a large 
piece of phagoc 5 tosed bone Paraffin section, BielschowsVri-Maresch siher impreg- 
nation 

clasts implies the direct dissolution of unchanged bone b} these cells 
Phagoc)'tosis of the bone implies the remotal of changed bone Whether 
osteoclasts are capable of osteol} sis or phagoctlosis of bone depends on 
whether tbe osteoclasts dissolve the inorganic salts before they remote 
the organic matrix There is no direct way of protmg this, and it seems 
that most authors hate not distinguished between osteol} sis and pbago- 
c}tosis m regard to bone If such a distinction is to be made, then the 
function of the osteoclast is certainlt that of a plngoc}'te W hether it 
can also dissolte the bone directh cannot be answered at present On 
the basis of atailable knowledge it would be better to think ot the 

36 Lewis, FT \ Te\t-Book of Histology, Phihdelpbn P Blakiston’s Son 
5- Compan\, 1913 
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osteoclasts as bone lesoibeis rathei than as bone dissolvers Large 
osteoclasts may be observed within the blood vessels of the inairow 
That such gain admittance and do not aiise m situ fiom the endo- 
thelium IS suppoited by then degeneiated appearance I have observed 
such osteoclasts m the maiiow vessels, and believe that much of the 
bone which they phagocytose is iemo\ed m this way 

The observations lefutmg the lesoiptive ability of osteoclasts are 
that Howsbip’s lacunae may be seen without osteoclasts, and often in 
inflammatory diseases there may’’ be extensive resorption of bone also 
without osteoclasts, especially’ in acute fulminating osteomyelitis These 
observations do not prove that osteoclasts aie not lesoibmg agents 
but serve only to emphasize wbat I have said before, that there are 
othei types of bone resorption besides tbe osteoclastic t^pe From ni\ 
experience it appears that in tbe more acute inflammatory’ diseases of 
bone, ciosion by’ osteoclasts is unimportant On the other hand, m the 
less acute inflammatory iiiocesses osteoclasts are numerous and seem 


to be playing a sigmflcant pait m tbe lesorption 

In summary, I believe that osteoclasts are capable of lesoibing hone 
but they aie of secondaiy’ importance m lesoiption of bone Wheneiei 
osteoclasts are lesoibmg bone, theie is also vascular lesoiption, but 


vasculai resoiption may under certain circumstances be so extensive 
that it may’ completely’ overshadow osteoclastic lesoiption Osteoclastic 
lesoiption IS more likely to be seen in tbe slower lesoiptive processes 
and since osteoclasts m latei life aie formed like other foreign bod\ 
giant cells, they’ occui moie fiequenth’ m chronic inflammations 
lielieve that they are active aggiessn’e cells capable of removing the 
Done The bone at the time of its lemoval by osteoclasts is niidoubt 
edh’ decalcified, but how’ much, if any’, of the decalcification is piodiicet 


liy’ the osteoclasts cannot be answ’eied 

Fate — klost opinions pei taming to the fate of osteoclasts eithci 
uphold tbe tbeoiy’ of then tiansfoimation into other celhilai element^ 
oi suggest then total destiuction, oi admit both possilnhties 
bclicxed that tbe osteoclasts dismtegiated and disappeaicd like the -.ni' 
tells of giant cell tumors Bredichin thought them to be tiaiisitim''^^ 
stages m tbe transfoi mation of bone tissue into maiiow’ and gianii 
tissue W egnei believed that they became tiansfoimed into spi 
tonnectnc tissue cells, but, obscning that some had passages, was ^ 
to speculate as to whethei new blood tessels might arise from <> 
clasis Kotllikei suggested that after then lesoiptnc 
ceased the osteoclasts mae dnide into osteoblasts and resume 
l<jrimtion but be found no definite proof of this IMoiison 
Koclliker also considered their degeneiation or tiansfoimatum mto 
nutue tis-ut or m irrow cells Jaekson and Maximow hoe 
the ir ignientation of osteoclasts in the embieo into detached cell' w a 
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Ijecanie indibtinguishable from the reticulum ot the marrow But m 
adults accoidmg to IMaximow, the osteoclasts ne\er re\ert m this 
wa\ alwa^s undei going degeneration and disappearing This also holds 
true to some degree m the embrio and Jordan behe\ed that osteo- 
clasts ot the embr}o disappear b\ degeneration ^lost likeh osteo- 
clasts finalh either degenerate localK or enter blood ^essels and are 
iemo\ed m this wa^ 

Hozi.sliips Lacunae Then Relation to the Oshoclasts — Howsliips 
lacunae alwa\s appear on the surtaces ot bone, arising subperiostealh 
or under the endosteum or on the surtace ot the vessel canals but the\ 
do not appear within the substance ot the bon\ trabeculae or lamellae 
According to Koelhker, the lacunae are smooth and haie sharp borders 
and aie bordered b} normal bone The lacunae are sometimes rounded 
and sometimes irregular Pommer described fringed or brushlike 
bordeis on some lacunae produced b} fibrils or fibril bundles winch 
lemamed preser\ed on dissolution ot the ground substance He belie\ed 
that he could trace them to the fibrils ot the surrounding lamellae In 
sections stained b\ Foots modification ot the Bielschow sk} -ilaresch 
technic I ha^e trequenth obsened such lacunae (fig 15) Pommer 
obsened osteoclasts with fineh tnnged bordeis, matted with the brush 
bordeis of lacunae The osteoclasts ma\ contorm to the shape ot the 
lacunae but their torm is otten more laried than that of the lacunae 
The trequenc\ with which osteoclasts are related to lacunar erosion is 
difficult to judge, because it is known that with the cessation of the 
resorptne actnitj the osteoclasts disappear and connectne tissue 
marrow or gianulation tissue replaces them Then new bone ma} be 
deposited on the walls of the lacunae b\ osteoblasts which line them 
\\ hen the lacunae no longer contain osteoclasts, Pommer Lelie\ es that 
lesorption has ceased It is known that lacunae occur in resorbing lionc 
without containing osteoclasts The cause and effect relationship between 
How ships lacunae and osteoclasts is generaI!^ admitted (fig 16) but 
the manner in which the lacunae are termed and the part that osteo- 
clasts pla\ m their toimation seem ne’ier to ha^e been definiteh settled 

In regard to the part that the ground substance pla\s in the 
loimation of How ships lacunae Pommer has otten stated that it is 
entire!} passne and that lacunar resorption is in no wa\ dependent on 
pieparator\ decalcification ot the ground substance \ccording to him 
lacunai erosion takes place the same wa\ in calcium-tree and m normal 
bone ^’on Recklinghausen has show n conclusn eh that in osteo- 
malacia the resorption ot bone is preceded b\ the remo\al ot cakuiin 
The extent ot the prehminar\ decalcification ot the ground substance 

37 \ on R<.(.klin 5 lnu'(.n F Untir^iicliiinccn ueber Rnchiti' und O-tcomahcic 
Icm Gu'-tT\ Fi'clicr 1910 



3S4 


IRC nil IS ()I Si R(,I R) 


in iLsniption nt l)f»nc due to inn.inim.ition is not coiieliisncly settled, 
thontjli VolKinann l)elic\cs th.it tlicic is c\ulcticc ot such a process, 
and Rihlicit thinks th.it it octnis in .ill noiinal p.ithologic resorption 
I bchc\c that in the loiinatioii ol How ship’s lacunae, preliminar) 
dee.deifieation pl.ns an nnjioit.int lole \ I low ship lacuna is probably 
foimcd ,is lollows Ivcsoijition is initi.ited when hone formation ceases 
d hen a deealeilMug influenee is excited on the hone which Aaries w'lth 
the etiologic faetoi of the icsoiption Just wh.it dec.ilcifies the bone is 
not known Ihe canons ])ossihihties weic discussed under cascular 
erosion It mac he changed pn or local l.ietie .leid production or changed 
local caibon dioxide tension Whatecei this factor is, it exerts an 



tion, eosiii and methylene blue stain , X 75 

effect on the sen faces of the spongy tiabeculae, just as it does 
walls of the haversian canals oi anywdiere else Osteoclasts a 
locally as leactive, resorptive cells then remove the decalcified bone 
stimulus to osteoclast formation cmies with the resoiptive pro^ 

I doubt whether the osteoclasts themselves exert a dissolving ni 
on the bone befoie they remove the ground substance, but iineqiii' 
evidence m eithei direction is unavailable 

The Relation of Hozoslup’s Lacunae to Bone Cells ^In 
the behavior of the bone cells and then processes in lacunar 
many beliece that they are entiiely passn^e and that the cells m 
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laLunae ne\er sho^\ changes Opened bone cell lacunae either are 
einpt} or contain cells not much altered The bone cells ma} degenerate 
and are then phagoo^ tosed b} the osteoclasts On the other hand, some 
behe^ e that the bone cells ma} produce lacunar resorption and Hou ship s 
lacunae Virchow was the originator of this conception and described 
the loimation ot How ships lacunae as due to fatt} metamoi-phosis ot 
the bone cells, followed b} their enlargement and nuclear dnision 
Concomitant!} with the nuclear dnision changes m the ground sub- 
stance occur and spherical or elongated masses of the ground substance 
are split oft and continue to disintegrate into granules leaMng caMties 
the How ship’s lacunae Virchow had numerous supporters ot his new 
It is, of course, true that m inflammaton diseases ot bone regressne 
changes, such as tatt-s metamorphosis and degeneration of the bone cells 
occui, but not constanth While Virchow s theor} has had supporters, 
a greater number ot workers ha\e felt that the progressive changes m 
the bone cells were related to lacunar resorption because thev pro- 
hterated to form giant cells which produce the How ship’s lacunae 
That the bone cells plav an active part m resorption was denied bv 
Koelhker Billroth and ^'olknlann, who have often demonstrated 
experimentall} that bone cells m the vicinit} of How ships lacunae do 
not have enlarged cavities However, the observation of Virchow that 
m resorptive processes the bone cell lacunae enlarge can easilv be 
confirmed on examining bone from a varietv ot resorptive processes 
The observation is more common when inflamed bone is examined As 
I have stated, in some instances the appearance ot lamellar bone mav 
be so changed by the enlargement of How ship’s lacunae that in a 
decalcified section stained with hematox}hn and eosm such bone mav 
look like fiber bone I have seen large spaces formed within the sub- 
stance ot spong} trabeculae b} the coalescence of enlarged lacunae 
Such observations are probabl} dependent on circulatorv disturbances in 
the bone, possibh on thrombosis of vessels leading to the bone I do 
not believe that degeneration of the bone cells and enlargement ot the 
bone cell lacunae are important in the actual resorption ot bone but 
such bone is more subject to resorption 
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Giadcnigo smkIioiiic of si\tli nci\t patal\sis, associated with fitth 
nene pain and a disdiaiging cat lias Iiecn the subject ot numerous 
coninniiiKatious, the gciieial tiend ol whieli would gne the impression 
that the abductor paiai\sis icsults lioin pressiue on the neiie either 
(o) b^ the pctiosphcnoidal (Giuhci s) hg.inicnt as the ner\e passes 
oiei tlie petious apc\ secondare to swelling ot the bone ot the petrous 
apex Ol (h) it is the ni.uii testation ot a Jocahred meningitis m the 
neighboihood ot the nene In a tew cases sixth ner\e paraljsis has 
been legaided as icsulting fioni (<) neuritis of toxic oiigin 

The piognosis is geneialh regaided as faeoiable All authors 
achocate the pioinpt opening ot the mastoid when the neurologic 
s}niptoms appeal eaih in the couise of an otitis while m the cases 
in w Inch the sa ndi onie de\ elops subseejuent to the operation dela\ i" 
fuither opeiating is ad^ocated as both the parahsis and the pain usua ' 
disappeai spontaneousl} 


r\T\L CASES 01 CRADEXIGO Slk XDKOME 
Grademgo pointed out that m man) cases there was an associate^ 
extiaduial abscess, and Seais,^ m a compilation of the literature, oui 
that in nearl)’’ 20 per cent of all the reported cases the patients c' 
fiom an mtiacianial complication 

In spite of this high mortalit), little attention has been pai 
possibility of the earl)’- lecogmtion of the t)pe of case m 
meningitis develops although a mastoid opeiation mai have been 1 
foimed 


OBJECTS AND METHODS OE IN^ ESTIGATIOX ^ 

The first object of this communication and the dissections on w 
It IS based was (1) to determine the Amnous anatomic factois tia^ 
cause facial pain and sixth nerc’^e paiaDsis in suppuiation 


•*’ Submitted for publication, Sept 3 1929 York 

Presented in part before the combined Otological Sections of t le i ® 77 ^ 

A.cademy of jMedicme and the Philadelpliia College of Plnsicnns on 
1927, and to the First International Congress D’Oto-Rbino-Lan ngologie a 
bagen, A.ug 1 , 1928 ^[cntIn'’ 

1 Sears, W H Otogenic Panhsis of the '\bducens with Especia 
of Isolated Palsj A,ssociated with Irritation of the Gassernn Gang ion, 

LarMig S. Otol Soc , 1925 p 89 
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petious and meninges For with the exception ot Baldenweck- no 
attempt has been made to soh e the problems presented b\ the Gradenigo 
syndrome — (o) why it occurs m one case ot suppuration m the mastoid 
and not m another, as well as (6) what anatomic pecuhant} excites 
a contralateral abductor parahsis — bj the obMousl) direct method ot 
stud} mg the anatomic lelationships ot the petrous apex and its neigh- 
borhood as found m a succession of cadarers (2) The second object 
IS to apply tbe knowledge obtained from dissections to the clinical 
differentiation betw een tbe cases in w Inch recoi er} occurs and those in 
wdiich intracranial complications unitormh de\elop in order that tbe 
latter group ma} be prompt!} recognized and surgical!} attacked at an 
early date It is on!} during the primar} stage of the meningeal process 
that surgical lnter^ent^on promises some measure ot success in the 
admittedh large percentage (20 per cent) of cases which otherwise end 
fatally 

E\pei nncntal Methods Employed in Anatomic Dissections — The 
surgical anatomy described is based on the dissection of eight embalmed 
cadarers (placed at im disposal by Professors F Lemaitre and G 
Rouhier of Pans) In se\en cadaiers, the (a) arachnoid prolongation 
surrounding the internal auditory meatus, or the (b) meshes of the 
arachnoid in the region of the posterior fossa just superior to the 
jugular bulb were opened, into which a solution of d}e was introduced 
and from them allowed to diffuse b} giarit} through the spaces of the 
arachnoid 

Anatomic Basis of Facial Pain and Sixth Ncivc Paiolysis — During 
the dissection on the cada^ers an effort was made to ascertain an anatomic 
basis for sixth ner^e palsy and fifth ner\e pain in the lanous tipes of 
osteitis, phlebitis and meningitis 

rACI\L PMN IX SCPPeR\TI\E OTITIS DI^GXOSTIC OF MIDDLE 
rOSSA IX\OL\EMEXT 

Facial pain in suppuratne disease is diagnostic of middle fossa 
in\ohement because the gasserian ganglion and the other nenous ele- 
ments that ma} contribute to the production of facial pain he anterior 
to the tentorium Posterior fossa inflammation does not cause facial pain , 
lor although the sensor\ root of the fifth ner\e is in the posterior tossa 
the pn-arachnoid prolongation surrounding it is so loose that pressure 
fiom inflammation of the bone of the posterior surface of the petrous 
or of tlie dura coieriiig it cannot affect it E\en after the exit of the 
root through the rmiihke opening in the tentorium abo\e the superior 

2 Baldenweck Louis £tudc anatomifiiic ct clinicale sur les relation'- de 
1 oreillc inoxcnne a\t.e la pointe du roclicr Ic ganelion de Ga^eer ct la sixitme 
pairc eraiiierc Tlic'c dc Pari« I'^Oz-lOOS 
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houlci (jf llic pctious, the oiilei intilion f»f the u.inerhnii as well as ih 
second and thnd Inanehes he* flee in the eei elitfispin.il fliiKl Hie 
.uaehnoul piolnn^ation iNtends h.ilf\\a\ aeioss the flnoi of the niiddlc 
fossa, up to a line oiiposiie the loramen spinosnin l)\c intioduccd 
into the aiachiioid sjiaees (it the iiosleiioi fossa iinitniinh leaclies 
this point Suppiiiativc IcptonieiiiiiKitis does not cause facial pain t 
IS onh on its mesial side th.it the stmilniiai [,Mni,dion has clin.al adhesions 
It IS this ficcdoin fioin piessuic that cvpl.nns the ahsciice of aeia 
p.iin in those e.ises of snppniatne meninetitis in which the bulliai cisteiiia 
is the scat of a Inm cxnd.ite without imohemcnt of the duia oE tic 
middle foss.i 

Inllamm.ition in the .n.ichnoiel nutates the tissue of the biain eoi 
and causes fevci, he.id.iehes lestlessness, etc , hut locali/cd pain 
nutation of the scnsoiy nei\es aftci the\ cineitjic fioiii the nain 
induced only by dneet jiicssiiic, because immediately on 
contact w’lth the ai.iehnoid, the sensoie neives acepuie a ,|i 

she.ith — a combination of mesolilastie and cetoblastic tissue tic 

of Sehw'ann 

Patwl Pail) of Puipluial Not Ccnhal O' '7''' — 
that poition of the llooi of the middle foss.v, which is ounce 
supeiioi sen face of the jictious peiamid intcinal to tie ci 
aicuata, is the seat of mnammatioii eithci (o) the gaiis? ionic 1 
of the tiigcmnius, (/i) a hiaiuh oi bi.inchcs of the li Ei 
01 (c) one of the sensoiy elements of the facial 
vagus 01 eeivieal ncivcs may he nutated In siippiiiatiie in < 
the lesulting loeah/cd facial pain is laigch due to the intinia 
of these scnsoiy neives oi then communications with ,,o,i the 

eianial base postciioi to the sphcnopetious sutine, m w iici i & 
dm a is closely .adheicnt to the bone 
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niRnci I irTii Nruvn pain 
All cases of facial pain that clisappcais aftci the simple 
of the mastoid aie piobably caused fiom nutation o 
sensoiy communications of the fifth and not of the tiifacia i 
Howevei, m cases of canes of the petious apev, the lesn 
IS piobably occasioned by dneet nutation of the 
01 its fiist blanch because of then duial adhesions, aiic 
pain IS not apt to be infiuenccd by a mastoid opciation ^ jpiirt' 
(a) Rcfcncd Facial Pam, Pam fioiii hnlatwn of Soil 
on the FIooi of the Middle Pos’ia having Conmniiinahoi 
Piflh Nave — In cases in wdneh the nutation aiid 

external tw'o thuds of the tcinpoi.al bone — the middle cai, n 
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lab}nnthine aiea (that is the aiea external to the outer lip of the 
gasserian ganglion) — the accompanMiig facial pain prohahh has nothing 
to do ^Mth the gasserian ganglion although referred to one or other ot 
its hranches, because of the or ermastenng command that the tritacial 
nerre has orer the dura of the middle fossa 

Irritation, then, of the sensorr elements from congestion or edema ot 
the cells in the superior surtace ot the petrous mar occasion pain in one 
oi other branches of the tritacial nerre, and this rrithout inrohmg the 
gasserian ganglion itselt although both the facial and the glossopharr n- 
geal nerres hare communication rrith the gassarian ganglion (under 
rrhich ther he) and rrith its dural corering trom rrhich it is difficult to 
separate the nerr es hr dissection 

iicchaiusm of Rcfoied Facial Pam — Ihe anatomic requirements m 
nervous tissue necessarj for the reference of pam from a risceral area 
to a bodr surface are (1) ganglion cell fibers earning impulses torrard 
the central nerrous S 3 Stem trom both a risceral region and a bodr sur- 
face located m proximitr in the same sensorr ganglion rrhile senson 
impulses from both sets of cells pass together to the brain (Head“) , 
or (2) “impulses from afferent risceral fibers transferred to somatic 
ganglion cells in a dorsal root ganglion or its equir alent ” 

In man, the trifacial nene assumes most of the sensorr elements 
found in the facial, auditor}, glossopharr ngeal and ragus nenes ot 
rertebrates possessing a lateral line nenous srstem, horrerer Hunf* 
chnicallr and Larsell and Fenton ■’ histologicallr liar e demonstrated 
that the great superficial petrosal of the facial and the small superficial 
petrosal trom the glossopharr ngeal nerres contain sensorr fibers, and 
as both nerr es he in hour canals on the superior surface of the petrous 
ail) iiiflammatorr srreliing mar cause a neuralgia from irritation 

On the supeiioi surface ot the petrous, confined in bonr groores, 
is the geniculate ganglion ot the facial nerre from rrhich runs the great 
superficial petrosal and the great deep petrosal the latter rrith “mre- 
hnated fibers of the glossopharr ngeal and unmr ehnated postganglionic 
fibeis fiom the superior cerrical ganglia br rrar ot the carotid plexus ” 
Both unite to torm the ridiaii rrhich latter communicates rrith Meckel s 
(sphenopalatine) ganglion 

Iiiitation ot the superficial petrosal of the facial nerre mar cau=e 
pain leterred to the second branch of the fifth nerre because ot the 

3 Head H The Pathologr of Herpes Zo‘:ter Brain 1S93 roP 16 and 17 

4 Hunt Ramsar Scncor^ Sretem ot the Facial Xerre and Its Smipton^a- 
tolo"\ T Xerr 6L Ment Di^ 1909, rol 36 

a Fenton R \ Mechanism ol Pam Tran=nntted in Certain T\pe' oi 
Otalgia First International Oto-Rhino-Lar\ngological Congrc" Copenhagen 192^ 

I areell and Fenton Fmhrrologa and Xeurohietologr ot Sphenopalatine Ganglmn 
Connections Tr \ni Otol Soc 1^28 
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communication of the '^ic.it suptificial ]iclios,il tliioiigh Meckel's 
ganq;lion which is attached to the second hi .inch Larscll and Fenton 
have demonstiatcd that (he scnsor\ fihcis p.iss through the spheno- 
p.ilatmc witliout cnlciing the ganglion itself 

Lateial to the hiatus, in which he the geniculate ganglion and the 
supeificial pctiosal, thcic is a smaller c.mal for the lesser superficial 
petiosal wdueh passes to (he olie g.mgltou 

Iintation of the small superfiei.il petrosal through its connection 
noth the otic ganglion winch is attached to the tliird ma} thus occasion 
a lefened pain in the lowei faei.al icgion 

(b) Scjnoiy LIcnicnl<: of iJic Glos'iopbiV yiigcal Kcnr — ^Theglosso- 
phai3'ngeal neivc in its mtiaduial portions is probably a special sense 
neiie devoted to gustatorc and secietoij functions (Fay®), but its 
communicating fibei s wdneh ascend through the temporal bone and 
leentei the cianial caMty through Jacobsens tympanic plexus to the 
small superficial petrosal and bj the small deep petrosal and the carotid 
plexus in the flooi of the middle fossa probably contain sensory elements 
The great deep petrosal foimed b) the small deep petrosal and fibers 
fiom the carotid plexus and Jacobsen’s plexus probably obtain their 
fibei s fiom the petrosal ganglions 

Musctdai luvolvcmcnt of the Fifth Ncive ui Siippmotive Lesions 
fiom Iintation of the Glossophaiytigeal — In suppuiative disease, facia 
pain wuth trismus ma) follow irritation of the tympanic plexus of the 
glossopharj ngeal (Jacobsen’s) such as ma} be caused by a plug ot 
cotton in the external canal of the middle eai causing a congestion o 
the deeper paits (Uffenorde’s case') 

Pam of Vagits and Ccivical Oiigin Rcfeiied to a Region 
by the Fifth Neive — Whether the vagus, which sends sensory fibers to 
the posterior part of the eai and the cervicals, thiough communication 
with the caiotid plexus, have sensoiy elements is still doubtful, u 
there is clinical evidence that vagal and possibly cervical plexus ee^ 
ments aie among the causes of the continuation of the pam m 
the patients who continue to suffer after a complete resection o 
sensory root of the trifacial nerve 

Role of Peiitiibal and Supi alabynnthtne Cells tn Ref cn ed and Dt>^ 
Facial Pains — The peritubal cells are situated just below the 
of the petrous posterior to the suture between the petrous bone an 
squama and the angle formed by the squama and the greater wing 

6 Faj, Temple Observations and Results from Intracranial Section o 
Glossopharjngeiis and Vagus Nerves in Man, J Neurol & Psychopat i 

Ear 

7 Uffenorde W Disturbances of the Trigeminus Originating in ti 
Munchen med Wclinschr 73 2064, 1919-1920 
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the sphenoid The\ extend inwaidh, posterior to the strloid toramen 
and anterioi to the carotid canal 

There is thus tormed a direct line of cellular tissue from the 
anterior part ot the middle ear to the plane ot the toramen spmosum 
and these cellular elements, especialh in pneumatic mastoid, are liable 
to congestion In addition, there are at least four tracts ot cells along 
the posterior-superior surtace and under the curie ot the superior semi- 
circular canal,® all of iihich tend to coalesce at the petrous apex 

Cliai acfci s of RcfoicH and Spasmodic Pain^ — Although the pain 
of suppuratne disease confined to the external one third of the tempoial 
bone may be referred to one or other regions ot the tntacial nene the 
pain is of quite a different character from the neuralgia ot a true tic, 
the tormer is laigeh a headache associated mth a peripheral or aching 
pain in the teeth or around the eie, iihile a true tntacial neuralgia is a 
shaip piercing spasmodic stab in the course ot the nene 

Diffci enfial Cliai acfci tstics Befzaccu the Refcncd Pam of Su ppm a- 
tne Lesions of the Bone and Ganglionic Disease Piobably Fioin a 
Filtiablc Funs — Cdiicnlate Ganglion Zostei — Clinicalh there is reason 
to beheie that true zoster is a disease of the senson elements denied 
from the ganglionic crest iihich m loner lertebrates form the spinal 
ganglions the sheath cells and the simpathetic as zoster attacks onli 
the segmental senson nenes^® The pain associated mth the poli- 
neuritis from nonsuppuratn e disease of the geniculate ganglion is 
reterred externalli to the ear and mastoid surface and is associated 
mth herpes of the external auditor} canal, the characteristics of the 
Ramsay Hunt si iidrome ■* 

The pain nliich accompanies suppuration trom geniculate ganglion 
inioliement associated mth congestion of the deep cells of the temporal 
bone IS apt to be referred innardh to the branches ot the fifth nene 

Conclnswns Coiicei iiing the Osseous Oiigin of Ref ci i ed Facial Pain, 
in Cases zeith Recoveiy Aftei Mastoid Opeiafioii — (a) The facial 
pain in the majoriti of the benign cases is undoubtedli primarili of 
osseous origin, because as a rule it promptli disappears iihen the cellu- 
lar caries of the mastoid and perilabi riiithine cells is remoied (b) The 
facial neuralgia is caused bi a congestion of the peritubal and superior 
labi rinthme cells of the anterioi surface of the petrous p}ramid, either 
of Iihich mai extend to the region ot the sensori communications ot 
the facial and glossophan ngeal nenes as thei he on the superior sur- 

t) Girard L Pcnlabv rintliinc Ctll' Sec de lanngol d otol et de rliinol 
de Pans Dec 9 1911 

9 Sicbcnniann Pnedneb Die Korrosions- \natoniic des Knochernen Lab\- 
rintliLs dcs nicnscbbchon Obres ic-baden T P Bercmann 1890 

10 Head and Camplcll The Patbolo^e oi Herpe^ Poster Brain 1900 \nl 21 



IRC nil IS Ol SI R(,l R) 


^92 

lace of the iKtious Ijone, toininniiications ol which jiass henc<atli the 
gasscnan gantijlion (<) Jnitation m this icgion ina\ originate pain 
which IS liansmittcd fotwaul to one of the tnf.icial peripheral elements 
of the fust, second oi third bianch (d) J’aiii of the geniculate gan- 
glion fioni a filti.ihle mi us — a jioh neuritis — is traiisinitted externally 
to the diiiin memhianc, cxtein.il .iuditoi\ e.in.il or mastoid region 
Fiom an opci.itne standpoint it ma\ he stated that (1) a temporo- 
faeial pain, oi a neiii.ilgic ])ain in the supra-orhital region around the 
e^e Ol in the t.iee or teeth, associated with or following an otitis, if 
unaccompanied bv signs of sepsis ceiebral irritation or labyrinthitis 
simply calls foi the complete exenteiation ot the mastoid cells with as 
much of then peiilabc iinthme cellulat elements as ha\e direct coni- 
mumeations wdiich can be denionstiatcd macroscopically (2) This hav- 
ing heen done the continuation of the facial pain only' becomes of 
seiious moment if the sejisis continues 

(c) Facial Pam Jioiit Diicct Initahon o1 llu Fii^l Biaiich When 
how'evei, that poition of the flooi of the middle fossa which is foinied 
by the supeiioi sui f.ice of the jietious intcin.il to the eminentia arcuata 
is the seat of inflammation the tii facial nene itself ma\ be iriitated 
If the suppuiative piocess (congestion oi canes) invohes the 
petious apex, the lesulting p.un is apt to iinolve the fiist br.anch buci 
a pain lle^el occuis in suppuiation confined to the posteiior fossa 
The Significant “Pain Behind the Eye'’ in Siippmotivc Ofdis 
Pain in the fiist bianch hunted to the region behind the e^e is signi c.an^ 
of nutation of the dm a ovei the petious apex, and in the presence 
continued sepsis, signifies canes of the petious apex 

0 phthalinic Bianch a Spinal Ncive — The ganglionic poition of t 
fiist blanch of the fifth neive is sepaiate morphologically' and deie 
mentally' fioin the lest of the neive The ophthalmic branch is^^^ 
leality' the highest doisal spinal nerve as fiom an evolutional y 
point the doisal legion of the body (conti oiled by the 
loots) really ends at the tip of the nose The aiea supphec y 
ophthalmic branch becomes anatomically' a vential suiface only' 
primitive primates — Pi osimice^^ — by' the anteiioi expansion of t iei 
pallium That the ophthalmic branch is in leality' a spinal dorsa 
is show'll by' its eaily appearance in the low'er vertebiates as a sej. 
neive and by its connection with the spinal descending lOOt w i^ 
piesent long befoie the appeal ance of the pimcipal nucleus o 
filth nerve, the latter not being present in fishes , Broinvei "'as un. 
to find any' evidence of it 

-pnln Nell 

11 Brouwer, B Die biologische Bedeutung dcr Dermatomcrie ]3hki 

brologican, in Woollnrd Recent Ad\aiices in Amtoiin, Pliiladclpbn, 
ston s Son &. Conipani, 1915, \oI 9, pp 272 and 273 
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The principal nucleus ot the filth is first seen in Amphibia King 
doisolateral to the motor nucleus Theretore in the fish all cutaneous 
fibeis ^^hlch enter trom the head region must run m the descending 
spinal tract ot the fitth nerre In the selachians, Dipnoi and a feu ot 
the aquatic amphibians, the ophthalmic branch is separate Later it 
becomes joined uith the supramaxillarj and intramaxillar\ 

Clmicall}, the posterior sensor}-- root nature ot the ophthalmic 
branch is shoun b} the area supplied b} it being the trequent seat of 
true zoster — -which but rarel} attacks other than the segmental portions 
of the neurospinal axis 

Aiiatoiinc Pectdiai itics of 0 phthaliiiic Biaiich — In man the ophthal- 
mic branch has a much longer course in Meckel's caie than the second 
or third branches It is firml} adherent to the dura ot the ca\e on its 
under and inner side, and to the caiernous sinus, from both ot -which 
It can be separated onh with difficult! Its ganglionic portion lies flat 
on the dura uhich is adherent to the bone of tbe petrous apex and the 
petrosphenoid articulation mesial to the sector supphing tlie second 
and the larger portion going into the third branch It is slighth aboie 
the latter 

On the other hand, the ganglionic fibers ot the second and third 
branches he on the elastic cushion tormed b) the internal carotid arter\ 
as it runs m the open toramen ot the carotid canal Botli the second 
and third branches enter the car e w ithout adhesion to its dural co! ering 
The} also lea! e the ca! e anterior to the cancellous tissue ot the petrous 
apex 

Anatomically, then, the ganglionic and peripheral portions ot the 
second and third dnisions of the fifth ner!e are protected from osseous 
or dural inflammation, either ot winch ma} cause irritation ot the 
ophthalmic portion 

Susceptibility of Ophthaliiiic Biaiich to Duial Pulling from Stx^cll- 
ing of Bone by an Undcihiiig Suppuiation — Anatomicalh the first 
blanch is especiall} apt to be affected b} periosteal swelling as the fillers 
to the first branch pass o! er the cellular area ot the petrous apex at its 
junction w'lth the sphenoidal base, where cancellous tissue is apt to be 
abundant 

But probabl} it is the “pulling” in the area ot its adhesion to the 
first branch the lesult of inflammation ot the cancellous tip and petro- 
sphenoid articulation that gnes rise to the extra-ocular pain in the 
earl} stages ot canes ot the petrous apex as it is doubtful it inflam- 
niator! infiltration of the root alone — as occurs in the later stage of 
abscess torniation — will originate pains 

12 Wilder H H IIistor\ oi the Human Rodv \<.\\ y ork Htnr\ Holt 
& Coiiipain 1021 p 502 
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thiomboplilcbuis, tlirVulcmr’?'' "’^•""‘”'‘‘'^''1 "1th c,ucinoiis sinus 
niiuoscopie inll.,n„natou ml, b, 

demonstrated post mo, ' ?” ^ ephthainne ner\e ^\as 

infillialion fiom tliiombonhltbii?^ ‘^'^P'^ncnccs of abscess 

fifth ncivc pain)' '' ^ s.issciian ganglion Mithout 

hiancbcs ni pcti oils' any-^*si'V" of the third and second 

tfic> aic not subject to dun I>iobabI\ due to the fact that 

‘”’^1 in lelation ^^,tV ^ ^ connection 

"hich form the sunenni u compact ti<;sue haiing no cellular elements 
mteij in fiont 'Ilns \ Potions behind and of the carotid 

s^^eIlIng ^ Jonc ,s not apt to transmit inflaminator\ 

Foi even m c\toii9i\ n ^ , 

tciioi sui faces of the nnoKing both tlie anterioi and pos- 

hoidei lemains unafiecinrl '^ompuct bone of the superior 
case even with e\ten«M i cases 1 and 2 of this series), in uhicli 
ape\ and a localized me ' theposteiior wall of the petrous 

stift neck, nystae-mus c. ^ hulhai cisterna—associated uith 

pain unless the 'middle ^ ”^i'c palsv Avith sepsis— there is no tacial 
That tlie ch 

cnigm and is not\ letio-oibital neuralgia is of dma-osseous 

snppuiative lesions 't, ncnntis is sho^^n by the fact that in non- 
the pam always is so neuialgia — spasmodic tic doulomeux— 

'^egnrs eithei 'm p r!:"’;?"" neiualgic — in character and 

^Ffiough the fan. neiei in the first, 

Again the pain ,n involves the fiist bianch at a later date 

IS nevei letro-omln - nasal neives in tic douloureux 

apex IS ceohnlTlcr^^’/T^' f ^ suppmative disease of the petious 

Co IT f ('-adache)-with a retio-oibital element 

experience pam ’ anatomic giounds and fiom clinical 

gestion oi o-rLmlatin” manifestation of con 

foims duung an^'m extiaduial abscess 

suie of anv bm-i i r i osteitis, then a neuialgia fiom direct pres- 
chrect pressuie f tnfacial nerve may occur (Gradenigo) Such 

pam m cases of p of the second and third branch 

I ha^e seen onp the subdural space of the middle fossa 

in which toothache was the result of a brain 

^3 Tnri 

tlie Ethmoidal ^ir Cp1iV^°-d^* Nasal Mucous Polip, Intranasnl Opcntion 
1926 Pia-alent Meiung.t.s, J Lanug &. Otol 41 717 (No. ) 

14 Eagleton, W p p 

Macmillan Compim lQ 7 r Sinus Thrombophlebitis, New York, The 

I iyzo, case 24 , p 153 


on 
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abscess anothei ot ca^ernous sinus suppuration^^ and se\eral cases 
ot retro-oculai pain on filling the brain abscess -vMth ^^ater^® the patho- 
logic lesion being confirmed b\ autops\ or operation 

Also, I ba^ e seen numerous cases ot localized meningitis ot the base 
ot the middle tossa secondar\ to boin caries ot the external third ot 
the petrous bone which ha\e occasioned headache and pain around the 
e}e, probabh Irom a localized collection of fluid in the middle tossa, 
as the e^acuatlon of the fluid associated with remo\al of the carious 
bone ga^e immediate relief to the pain 

Value of Lumbar Puncture in Diagnosis and Treatment Chnicalh, 
localized meningitis ma} be eliminated by the absence of sepsis and an 
examination of the fluid obtained by lumbar or occipito-atloid puncture 
Consequent!}, it has become nn practice before operation on the mas- 
toid to perform lumbar puncture in all cases ot facial pain as the 
absence of increased pressure and heightened cell count of the fluid 
adds security to the diagnosis of a nonfatal form of neuralgia 

CLIXICAL COXCLXjSIOXS OX TYPES OF SEXSORY XER\ E DISTURBAXCE 
ORIGIX YTIXC IX OR XEAR THE SLPERIOR SURFYCE 
or THE PETROLS PYRYMID 

There are four distinct tvpes of sensorY nene disturbances which 
originate m or near the superior surface of the petrous piramid all 
ot Y\hich are chnicalh diagnosable during the earh stages (a) referred 
pain from suppuratne diseases of the ear, the pain originating trom 
iin oh ement of the communicating fibers of the facial, glossophar\ ngeal 
Yagus, and possibly the cenical nerYes, and ret erred to one or other 
branches of the fifth nerYe, eYacuation of the mastoid and adjacent 
cells onl} IS indicated, (b) zona — from geniculate ganglion (sYinpathetic 
or spinal nerYe) inY oh ement — probabh from a filtrable Yirus a hemor- 
ihagic process associated YYith herpes, (c) true tic douloureux of 
unknoYYii origin, and (d) first branch retro-ocuhr pain from caries ot 
the petrous apex 

The latter calls tor an operatne attack on the diseased area 

II ABDLCTOR PARALYSIS 
DIVGX'OSTIC SIGXIFICYXCE 

Dissection on cadaYers YYOuId demonstrate that sixth nerve parahsis 
signifies either (1) peiiosteo-aponeuro-dural SYYelhng in the posterior 
tossa YYhen it accompanies suppuratne disease ot the posterior surtace 

Is Eaglcton (footnote 14 ca«c ISI 

16 Eagkton Wells P Rnin Ybscc's It^ Surgical Patlioloce and Operative 
Treatment \e\\ York The Macmillan Cotnpain 1922 ca'c 13 pp 63 and I'^I 
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of the pettous oi sphenoid oi (2) ccichi.d displacement in a brain 
tumoi J he snppniative otitic lesions in then e.iiliei stages aie e\tra- 
eeiehial, \\heieas a neoplastic jnoeess is entneh intiacciebral 

AimocioK PAim-vsis i koai msi ash oi ro\L, wriostcum, 
ai’onlluosis or noRv 

1 he Dci'clopim III of Dot cllo\ Canal — '1 lie tissues foiming Dorello’s 
e.iiud and Giiihers hg.iinent — vi/ , (a) the periosteum of the bone ot 
the apex of the petious pNiainid and the oecipitosjihenoidal base, with 
(b) the duial coeeiing and (t) the aponeurosis ol the peti o-occipital 
aitieulation and the peti osjihenoidal ligament uniting^ them — are clevelop- 
mcnt<dh one stiuetuie, inse|)ainble ftom one anothei The\ aie all 
of mcsoblastie oiigin, ,dl inodihe.itions of fibrous tissue and all have 
one ])ui pose m/ , the jiioteetion of the eential nei\oiis s\stein from 
injuiy b} tiauina oi infeetion It is the intimate lelationship with the 
mesoblastic tissue suiiounding the sixth nei\e which makes it espec- 
ially liable to picssuie in inflaniin.ition of the peiiosteum, diiia or 
aponcuiosis 

Rcsciiibhiiuc Bcltecen Sixth and Seventh Neivt'; — Anatoinicaliv, 
the sixtli neive has main points of similarity to the seventh — also a 
motoi neive Like the facial nerve it is also fiequenth paial 3 'zecl m 
local suppuiative disease and in fractuies of the cianial base 

I he sixth neive as it leaves the jjontile cisteina and enteis Dorellos 
canal immediatel) loses its aiachnoid coveiing, as does the facial 
neive on enteiing the fallojnan canal The fifth neive, on the other 
hand (laigely sensoi}'), has a fiee passage thiough a laige tentoiial 
ling, IS sunounded by loose aiacbnoid ])i olongations and is bathed 
in ceiebiospinal fluid 

Neithei the facial noi the sixth neive has a neuial sheath fioin the 
time of its entiance into the lespective canals until the exit — at the stylo 
mastoid foiamen^' and fiom the cavernous sinus, lespectnely^ 

Consequently, any piessuie, be it inflammatoiv oi tiaumatic, of the 
tissue foiming the canals of the sixth and seventh neives (apoiieiiro 
duial in the case of the sixth, bony m the facial) wnll paialyro cither 
the abductoi oi the facial nei ve 

Sixth Neive Paialws That Disappcai s Aftei Mastoid Opeietion 
(See appendix ) My^ dissections in Pans established the bizarre 
chaiactei of Doiello’s canal as legaids its position, size, shape an 
anatomic foimation as w^ould necessaiilv lesult fioin the natuie of d 
development, its position, si7e, shape and stiuctuie being deteiniincd >' 
the configuiation and svmmetiy of the bony base — a veiy niegidar aiK 

1/ P.nllmcc Cinries incl Colloclge L ‘\intoniic ObserMtions of Ner\<- a' 

Ficc .niitl \cck T Lar\iie: &. Otol 42 1 (Inn) 1927 
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asMiinietncal bod\ ConsequentK , the canal does not contorm to am 
standard of length diameter or circuniterence ot lumen 

Even the nerse itselt presents sanations ^er^ unusual m the ner\- 
ous SAStem as it is frequenth double \Mth great ^arlatlons m size or 
length 

\N ATOMIC FACTORS IXFLFENCIXG THE LIABILITA TO ABDUCTOR 
PARVLASIS IX DIFFEREXT PATIENTS 

Among the anatomic factois influencing the hahiht\ ot different 
patients to abductor parah sis are 

(a) The differences m the length of the iierAe m the dural canal 
AarAing greath as it does (see table) 

(&) Its anatomic position on the bonA basis (whether on the bone 
or on the articulating surtace of the petrobasilar suture) 

(c) The extent of the closure ot the articulation between the 
petrous apex and the occipital and sphenoidal base which is among the 
last ot the cranial sutures to undergo complete ossification , consequenth 
the Aoungei the patient the more extensne the aponeurotic fibers and 
the greater liabihtA to transmission ot dural inflammation Iia septic 
swelling This maj partialh explain the greater trequencA ot abductor 
paiahsis during the earh decades 

(rf) The closeness ot its attachment to the periosteum In this 
respect the sixth iierAC is eAen more liable to parah sis than the facial 
nerAe, as there are no fibrous connections betAAeen the bone and the 
facial nerAe, aaIiicIi can be easiK fitted out trom its canal up to the point 
of Its exit from the stAlomastoid toramen AAhile the sixth nerAe in its 
AA hole course through Dorello’s canal is united either tighth , or looseh 
bA connectiAe tissue fibers A\ith the periosteum the aponeurosis 
Gruber s ligament or the dural coa ermg 

(c) The great Aariation ot the size of the neixe and its freedom in 
the canal At times the nerAe is tighth constricted and immobilized bA 
the duiT and the periosteum — as is the facial bA the bone — and again 
It is moderateh loose, alloAAing of considerable motion AAhen pulled 
upon 

•\11 the toregoing factors maA influence the liabilitA to abductor 
parah sis not onh of the homolateral but ot the contralateral side 

Thus sAAelhng ot aiiA ot the surrounding dura or aponeurosis maA 
turnish piessure enough to parah ze the nerAe eAcn AAithout inflammatory 
change in the bone itselt The latter is the direct parah zing factor 
in the majoritA ot the cases as AAell as the underhing caiue in all 
Thus AAith a long dural course and a closeh attached canal slight 
inflammation ot the perio-teum or dura aaouIcI cause parah ^is oi the 
sixth neiAe It is conceiAablc that a rheumatic toxic swelling oi the 
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fibious bands (tcnciinilis) of the attiailation could cause sufficient 
piessuie to paial}/c a tujlilh held ncnc 


^AUAr^sIs I KOM Ml kills oi Mu\i iTsnir 

Pathologic CMdenee suggests that the si\tli nene oulj undergoes 
degenciative ncuiitis fioiii jncssuic of the surrounding stiuctures and 
ts not paiah/cd b\ changes of tenipciature as occuis in the tacial 
neive, the sixth being a puie inotoi nene while the facial in the lower 
veitebrate is a mixed inotoi and sensoi) neive and e\en in man contains 
sensoi}' fibeis, and thus is piobabh susceptible to the stiimilus ot 
changes m tempciatuies J oxic agents such as diphtheria are fre- 
quently the cause of an abduetoi paiahsis, the result of a periphera 
ncuiitis 

Relation with Iiifotoi Pctiosal and It', Connnitnicalwus —In its 
ascent on the posteiioi sui face ot the bone or on the articulation, tie 
sixth neive may be m relation with the plexus of ^ellls emptiing mto 
the mferioi petiosal sinus 


OSSnOUS r\CTORS in TIIC rROOUCTIOX or \BDtjCTOR 

PARAL\SIS 

It is the chaiactei of the bone itselt that decides wdiethei the nene 
will be paialyzed oi not, depending on whether the bone structure 
adapted to the tiansmission fiom a distance of congesting sw'elhng, ^ > 
whether oi not the osseous stitictuie ot the petious apex has an mi ei 
l}iiig cellular oi spongy stiuctuie A pneumatic bony striictine w 
cells extending from the middle eai to the petious apex is esp^-cia^} 
liable to the development of abduetoi paiahsis These are the c^s^^ 
III which recoveiy lesults aftei simple opening of the mastoid 
nature of the osseous stiuctuie is of special impoitance m 
m which the nerve passes undei the petious spine Heie one 
abducens nei ves may be almost completely sui i ounded by celhilai o 
while that of the opposite side is entnely free of bony 
occuried in one cadaver In such a case it is conceivable that ^ 
swelling of the peiiosteum, sufficient to jiaialyze the abduetoi 
side contralateral to the suppuiating eai, might be transmitted aero 
the base to the contralateral nerve while that of its fellow may 
This may be the explanation for some of the cases of contiaa 
abduction paralysis that have disappeaied aftei a simple mas 
operation 

At the supeiior border of the petrous the sixth neive may be sn 1^^^ 
to pressure from the petrosphenoid (Giubei’s) ligament which, 
all the other mesoblastic structuies of this legion varies 
Gruber’s ligament is only a part of the aponeurotic fibers iinitmt, 
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petrous \Mth the mesial base The direction of the fibers composing the 
hgament^ — trom \ertical to horizontal — dictates the size ot the under- 
hmg canal, which ma^ lar} trom a large canal m which the nene lies 
tree to a \er} small canal sending attachments to the ner^e or e\en 
dniding the ner\e into two portions 

RELATION' OF \BDECEXS TO THE SPHENOID 

Internal to the spine ot the petrous apex, the sixth nene ma} come 
m intimate relationship with the sphenoidal sinus, and when the 
sphenoidal bod\ is diploic the nene mar be separated from the mucous 
membrane ot the sinus simph In a thin larer of compact bone This 
applies not onl} to the sinus of the homolateral, but occasional!} to that 
of the contralateral side this occurred m one cadarer in which an edema- 
tous swelling of the mucous membrane ot the right sphenoidal sinus 
might hare caused an opposite (left) abductor paralrsis, as a posterior 
prolongation trom the right sphenoid passed behind the left sinus and 
extended to the opposite petrous spine 

RELATION' rriTH rEIXS or PERITEBAL REGION' AND ABDUCTOR 
PAR\L\SIS OF rEXOES ORIGIN' 

Ihe abducens come into relationship rrith the plexus of reins rrhich 
run from the anterior part of the inner rrall of the trmpanic caritr, 
through the bone of the petrous prramid — peritubal region — to the cells 
ot the petrous apex (Pietratom) A microscopic thrombophlebitis ot 
these reins in the presence of a cellular bonr apex might gire rise to 
abducens paralrsis 

ABDUCTOR F\RAL\SIS FROri IN'TERMEN'IN'GE rU SUPPUR-VTIOX 

In the earl}’- stages of a suppuratire otitis it is the intradural or 
periosteal inflammation rr hich causes abductor parah sis Horr er er, rr hen 
the pontile cistema is the seat of an adhesire exudate from localized or 
general suppuratir e bulbar meningitis, the nerr e ma} be parah zed from 
the arachnoid inflammation itself 

I hare seen an abductor paralrsis associated rrith a lorr grade of 
papilledema rrhich disappeared on eracuating an excess of cerebro- 
spinal fluid br a lumbar puncture (AI L case Contrarr to the 

18 M L Case Report — Follorring mastoid operation a bor had pain 
behind the ears and eres, he der eloped external homolateral rectus parah sis and 
a papilledema Lumbar puncture showed apparenth clear fluid increased pressure 
cell count 7 coagulable albumin a trace oi chlorides 0 71 and no micro-organ- 
isms Second lumbar puncture a few da\s later showed clear fluid still shghth 
increased pressure incrtased trace of coagulable albumin cell count 3 hmpho- 
cMcs chlorides 016 and no increase in globulin Following this puncture there 
was a rapid subsidence oi the papilledema 
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gencially accepted mcw . al)ducloi paiahsis is larely the result of lepto- 
meningeal inflammation — c\cej)t as a tcrmin.il jjrocess — as shown b} 
its absence m thiee of the foui cases of hiilhar meningitis, in all of 
which suppmatue meningitis must ha\e stirioundcd the nerve for a 
consideiable peiiod as demonsliatcd In aiitopsi In the one case in 
winch abductoi paiahsis nas jnesent it was manifcsth a terminal 
pi ocess 

Anatomicalh , the habilih to jiaiahsis fioni suppuiative iiitra- 
aiachnoid inflammation — locah/ed oi geiieial suppuiative oi serous 
meningitis — is dictated by tbe (o) lengtb ol the nerve on the anterioi 
suiface of the pons (m the pontile cisteina) and (&) by the position, 
axis and si/e of the eiitiance ot Doicllos canal all of which conditions 
vai} gieatly in diffeient cadaveis, and on the tw'o sides in the same 
cadavei Theie is a small gioup of cases in wdiich lumbai puncture 
causes a piompt disappeatance of the sMiiptoms, the lesion apparentlv 
being a nene congestion fiom nutation of an o\eil}nig nifcctne 
ostitis 

III LOCA.LIZCD BULBA.R CISTLRNA PONTILE MENINGITIS 

\N\TOMIC PORTION 

As clinical expeiience has taught that (1) the site of the primary 
focus of osteitis Ol phlebitis deteimines wdieie the infection enteis 
the aiachnoid, and as postmoitem examinations have denionstratec 
that (2) the couise wdiich the meningeal inflammation takes aftei pass 
ing the duia is laigel}’’ dictated bv the noimal channels in the aiaclmoic 
meshes with their connections into the cisterna (snnilai, to a ceitani 
extent, to the couise that a phlebitis must take in a laige venous sinus 
following its lumen ,uid connections), and as theie is postmoitem an 
clinical evidence that in all t3^pes of meningitis natuie makes an e 
to limit the disease, it would appear leasonable to assume that i 
diagnosis can be made of the exact site of the infection while 
limited to a jiaiticular aiea — be it the cisteina of the angle or of 
bulb — cuie from suigeiv should be obtained m a consideiable propo’' 
tion of cases of meningitis, as m cases of empyema of the ductus ei 
hmphaticus and of the internal auditoiy meatus Consequently, 
effort was made to asceitam the direction m which otitic suppuratn 
meningitis should advance m the meshes of the aiachnoid of the poste 
iioi tossa, if such advance is dictated by the anatomic formation of t 
spaces 

A succession of cadaver “heads” aiteiialh injected w'ere dissected 
in which a d^e had been allowed to diffuse (n) from the labirinth n^^^ 
the subaiachnoid spaces surrounding the internal auditory meatus 
(b) from the region of the jugular bulb, two areas, which wdieii attac 
In suppuratne disease frequent!} gne rise to meningitis 
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EXPERIMENT \L PORTION 

For suigical reasons the posterior tossa ma^ be dnided into an 
anteiioi and a posterior compartment The line of duision is the 
aiachnoid prolongation surrounding the nerres learing the brain 

Anatomicalh there can he distinguished the tollor\ing sites, from 
which a carious process of the posterior surface of the petrous bone ma^ 
cause a localized meningitis ot the posterior tossa b} extension through 
an arachnoid pi elongation (a) in the region of the ductus endohm- 
phaticus, (b) through the prolongation surrounding the internal auditor} 
meatus (c) m the cisterna ot the angle, and (d) of the bulbar cisterna 
(c) b\ wa} of an unnamed prolongation to the superior border ot the 
petrous internal to and abore the internal auditor} meatus (possibh 
the aiachnoid surioundmg the remains of the structure entering the 
fossa siibarciiata and (f) b} w'a} ot the region through which the ninth 
tenth and eleienth neries pass out of the anterior compartment of the 
jugular fossa 

Ihe diffusion b} grarit} of d}e when placed in the meshes ot the 
arachnoid connected with the lab}rinth and the lateral sinus — both 
the frequent cause of septic leptomeningitis — furnishes (1) a graphic 
map of the region that infection will take as dictated b} the anatomi 
ot the arachnoid pathwa}, and (2) the points at which the intection 
can easily be limited b} adhesions 

D\e in solution placed in an arachnoid prolongation after passing 
into a cisterna, diffuses into the other prolongations ot the cisterna, but 
the communication of the arachnoid prolongation pathwais of the pos- 
teiior fossa from the cisterna are so small that particles of die in sus- 
pension mai be preiented from reaching the cisterna m mam localities 
although d}e in solution passes freeh This shows the ease with which 
different areas of arachnoid mai be walled off, and intection thus lim- 
ited b} mflanimatori reaction 

1 D\e introduced into the arachnoid prolongation surrounding the 
internal aiiditoii meatus has a tendenci to go (o) forward and upward 
into the middle fossa b\ wa} ot the third nerce region, (b) around the 
superior collar of the cerebellum and (c) downward along tbe anterior 
suiface of the medulla and cord without entering, to am great extent 
the pontile cisterna itself This latter area is apparent!} protected be 
(1) the close mesh ot the arachnoid (2) the latter s adhesions to the 
basilai arterc and (3) the arachnoid s flat position on the bon\ base 

2 D\e placed around the jugular bulb has a tendenc\ to diffuse 
backward under the cerebellum and down the posterior surlace of the 
cold — the jiosterior compai tment 

3 Dorcllo s canal surrounding the sixth ner\e doe:? not admit 
an\ d\c 
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4 D}c in tlie ])i oloni^ation ot llic fifth ncivc extends halfway acioss 
the llooi ol the middle fossa 

s^^oI•sIs ON criNieM i'okiion 

J wo eases of eaiies of the petious apex from siippuiative otitis are 
lepoiled, both pieseiUintf the smjfjestive “pain behind the eye,” asso- 
eiated with <i low tji.ide of ehi onic sepsis and reeiii rent attacks of slightly 
stifl neek 

In one ease these inodioin.d signs lasted sixteen days and in the 
othei foit 3 -thiee da^s before the onset of symptoms of biilbai cisterna 
meningitis 4 he symptoms of htilbai eisteina meningitis I believe aie 
pathognomonie, vi/ (o) semicoma from which the patient Ctin easily 
be aioused, {h) supine position of the patient (on back) with the eyes 
closed and (c) mteimittent iceiiriences of vertical instagmus 

All signs of posteiioi fossa involvement so nsu.il in severe headache, 
gieat lestlessness and opisthotonos but unaccompanied by coitical 
meningitis, weie associated with a high fever and rapid pulse Repeated 
tiials of visual fields levealed gicat bilateial vaiiations and the sudden 
appeal ance of a bitemporal hemianopsia somewhat resembling pituitary 
tumor pressure 

Ihe fluid fiom the lumbai legioii was cloudy, but contained no oigan- 

isms Autopsy in both cases disclosed a large canons cavity involving 
the petrous apex and extending onto the anteiioi and posterior surfaces 
of the petrous pyiamid, causing a localized meningitis of the pontile 
cisteina followed by a geneial suppuiative meningitis as a teimina 
piocess 

The anatomic location of the focus of suppuration explained the 
clinical symptoms of fifth nerve pain and bulbar cisterna infection—* 
combination of middle and posteiioi fossa symptoms with extension 
into the chiasmal cisterna 

Two additional cases of bulbai meningitis of traumatic oiigm <i' 
also lepoited, a clinical diagnosis of bulbar meningitis having been ma 
duimg life because both patients presented similai clinical pictures 
without primaiy middle fossa involvement 

Autopsies confirmed the diagnosis that the meningeal piocess m 
early stage was confined to the bulbai cisterna 

RrpoKT or cAsns 

Casi 1 — Ponlilc Ci'ilcnta Mciiuigilis lltc Rault of Caita of Pch ou^ ^ t 

Jl'hicit Aho Pi odiiccd Sccondai y Lahyi inlhiti^ 

IIisloi\ — J Mcl^ , "i nnn, on ^Inrch 5, following in attack of influenza, li 
riglit-si(lc<I tar idle followed by a profuse discharge which continue 
March 15, when the otorrhc i lessened During this time he had a slight r 
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temperature, complained of headaclie pain behind the e\c and serere pain m the 
right side of the face and iar\ extending back to tlie right ear all oi rrhich 
he attributed to neuralgia 

iMarch 16 Dr J J Mann found a moderate discharge from the ear with a 
slight drooping ot the posterior-superior wall and a little tenderne=s o\er the 
antrum The temperature was 102 F V roentgenogram showed that the antrum 
alone was mrohed The next da\ the srmptoms had improred, but the tenderness 
had lessened During the following ten da\s the patient did not return to 
Dr !Mann, as he continued to improre although at times he had neuralgia’ pains 
111 and o\er his e\es and m his temple 

March 28 A,tter passing seieral restless nights he suddenh de\ eloped a 
facial parahsis on the right side and total deafness m his right ear associated 
with spontaneous nastagmus and unsteadiness of gait He was sent b\ Dr Mann 
to the Newark Dae and Ear Inhrmara The chief complaint was lacial parahsis 
tollowed b\ pain in the right e\e for the preaious ten or twehe da\s 

Examinalion — The patient was right-handed He did not look sick but had 
the whitish appearance of chronic nephritis There was a slight aural discharge, 
with right-sided facial parahsis and deafness and spontaneous nistagmus to the 
left (awai from the suppurating ear) 

The right pupil was smaller than the left, which was explained bi the patient 
who said that tlie \ision of the right eie had ne'er been as good as the lett The 
right cornea was sensitive, but apparent!' less so than the lett The disk margins 
of the right eve were blurred, and the vessels were engorged The visual field 
suggested a bitemporal indentation The temperature was 99 F and the pulse 
rate SO 

On lumbar puncture the fluid was not under pressure, and was clear (5 cells 
per cubic millimeter), it contained a trace of albumin, the globulin was not 
increased, the sugar reduction was normal, and the chlonde content was 067 
Urinal' sis revealed, specific gravatv, 020, albumin, 1 plus granular casts, 

3 plus , squamous epithelium, 1 plus , pus cells, 3 plus , red blood -cells, 2 plus 
The blood pressure was 140 

Diagnosis — “Ucute labvrmthitis with involvement of tlie horizontal semicircular 
canal from subacute otitis media ” 

It was decided (chiefl' because the negative cerebrospinal fluid changes appar- 
entlv denoted an absence of meningeal involvement) to allow time lor the 
labvrmthine lesion to become full' localized 

^larch 29 to 30 The patient apparentlv was m excellent condition Nvstag- 
mus was lessened There was no pain in the head, but once during the night he 
lelt pain m the right eve (to which proper attention was still not paid) The 
temperature varied from 98 3 to 994 F , the pulse rate, irom 72 to 88 

March 30 The patient passed a bad night He complained of severe pain 
over the right eve, and his temperature reached 101 F The lollowmg morning 
however, the temperature was 100 F and the pulse rate 80 and the pam in the eve 
had lessened considerablv Slight rigiditv of tlie neck was now noted lor the first 
time 

Pi col'iratr L Diagnosis — ‘ Acute non-suppurativ e labv nnthiti- with a probable 
erosion of the external semicircular canal associated with a localized menineitis 
tlie result of congestion of the cells under the tniacial, the latter probabK sccoii- 
dar\ to invasion oi the pcnlabv riiithine celN 

Comment — The mistake was made ot not appreciating that an acute labv- 
nnthitis wh ch had lollovved a period ot retro-ocular pain wa^ at least suceestive 
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colls ^ancl w.is optnid pus and Kr.miil ilion were fomicl iii the 

c hcr,n ' r, , eroded and 

I end -.1 . r ' r" ^ '■" eemcned, ns well as the cells 

cNPo tl u s, 7" , J'«n.,.„tal end Jim p„stenor scn.crcnlar canal was 

of .Ts un ? 'I s' ^’"etns endoh mphat.cus, a drop 

1 ie. l ie ;? e>f tins reg,on l.bcrated In 

of ccrcbrosp,„nl lh„d fro.n winch S.uMococcus „on 
Hi molvticw; was cnitnated 

heennse ^u'^ explore the gnsstnan ganglion region of the middle fossn 

(lie fifili experience of c iscs with irritation of the branches of 

follni ni'i^' ''■|'''|.'o'’ of the ccrehrospiinl fluid from the middle fossa had been 
l' I ^ siiflicient attention was paid to the persistence of localized 

nf fli temple, suggesting, as it did, a definite lesion 

pc roiis apex Jjiit as the operatise ohsersations were felt to ssarrant the 
preopera ISC diagnosis, I expected the man to rceoser, although one of nn asso 
(I i^"* 'Attention to the presence of the in stagmns, wdiich was now toward 
tie side of the lesion, as siiggcstne of a hram stem iinolsement 

J ot/opLi alive Coin \c Tlie patient had no more than the usual postoperative 
ciscom ort during the first night, he slept irregularis The temperature was 
aroiin < On the followang day (April I), howescr, his temperature became 

elevated and continued from 103 3 to 10-14 T, he suffered from mcoiitiiience 
and had a stiff neck, he developed a peculiar tspe of stupor, that is, although he 
aj contniuouslv flat on Ins back svith his ejes closed and head retracted on being 
spo en to he would immediatclj open his cses and promptly answer questions, 
stating that he did not feel “so good ” 

The patient now, although manifcstlj suffering from meningitis — as in addition 
to tie stiff neck he had an internal strabismus — (from complete parahsis of the 
ng t external rectus) and a S'crtical nsstagmus, there was an entire absence of 
t le usual meningeal restlessness, headache and screaming 

The intra-ocuIar tension was \crj low' in both eyes (10 mm of mercury 

ciiofz), which probably was due to the loss of cerebrospinal fluid on the 
previous daj 

anon lumbar puncture revealed turbid fluid, with a white cell count of 

I , a red cell count of 1,200, globulin and no micro-organisms 

Diagnosis A diagnosis was made of acute fulminating suppurative meningitis 
e ateral prolongation of the pontile cisterna from extension tlirougli the 
modiolus, secondary to suppurative labj rinthitis 

Aotl Tht vertical nystagmus was explained by the supposition of an iiijuri 
to the cerebellum associated with the previous operation 

I ^ d)/’(’/atioa W'lth the patient under local anesthesia the common carotid 
bi.I^ occasioning any circuIator> disturbance The vcsti- 

) *1 1 'mvrnith was opened from behind by throw'ing the posterior arm 

le lori/onta canal and the posterior vertical semicircular canal together 
uo pus m the vestibule but possiblj a little blood The cochlcir was 
arnrlin middle ear through the proniontorj but was found eiiiptv Pii 

frnii surrounding the internal auditory meitiis was incised 

in ^^/n' r Pvramid and a largo quaiititj of cerebrospinal fluid cvaciialed 
sernmnn'/ ^ ossa w as not opened because of the outst mding posterior fosea 

ot tin 1 r ' 'ru ”^^*^^mus, sixth nerve paraljsis, stiff neck and retraction 

oi head completclv filled the cl, meal picture 
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Subsiqiuut Histon — \pnl 2 The pntient continued to be in a icniicomatoie 
btite with contnuioush high temperatun. and rapid pulse, but could be easiK 
aroused He ga\c the impression ot being in nephritic coma as he had little ot 
the restlessness or the cr\ing out ot meningitis There was lateral de\iation ot the 
c\es to the right and upward The vertical nvstagmiis disappeared but recurred 
on the following da\ Lumbar puncture now revealed streptococci 

4ftLr-Ti catwiut — Repeated lumbar punctures were made associated with 
blood transiusions 

\pril 4 The patient dieo ot terminal pneumonia 

Poilinorti )ii C xaiituiatwii — The petrous apex was the seat ot a carious process 
w Inch had eroded both the anterior and posterior surlaces ot the pv ramid, but 
with the compact bone ot the superior border of the petrous tip still remaining 
The area ot canes was about two thirds ol an inch long and one third ot an inch 
wide on the floor ot the middle fossa, and shghtlv smaller on the anterior wall 
ot the posterior fossa The cav itv in the bone was much deeper than appeared 
externalh the cavitv undermined the internal auditorv meatus extending beiovv 
and anterior to it Itfesiallv, the carious process reached the petroso-occipito- 
spheiioidal suture The boiiv cavitv was filled with granulation tissue and pus 
On the anterior surtacc the granulations were compressed and held flat bv the 
dura covering it It gave the usual appearance of granulation tissue which had 
been held under pressure for some time On the anterior surface of the petrous 
the tossa oi the gasserian ganglion was involved the ganglion itselt being 
edematous The outer suriace of the dura covering the gasserian ganglion was 
hemorrhagic 

On the posterior surface of the petrous the granulation tissue spread bevond 
the level ot the bone and was here covered with pus 

^leniiiges There was practicallv no meningitis of the cortex, but a little 
meningitis confined to the bulbar cisteriia (over the pons and medulla as it lies 
on the occipital process below the posterior clinoid process) 

Brain The basal ganglion (optic thalamus) ot botli sides appeared blackened 
and degenerated as it containing multiple hemorrhages There was no internal 
hv drocephalus but moderate distention of the third ventricle 

CvsE 2~Locali=cd Carus of 4pi i of Petrous Pxramtd ff Uhout Labyrmtiutis 
the Route of Iiizasion Havmg Been Through the Supratubal Cells and 'Isso- 
ciatcd zeith a Chronic Meningitis of the Bulbar Cisterna tiu Latter Existing for 
a Considerable Period Bejor^ Becoming General 

Histoix — \ R, a voung woman had acute right-sided otitis five vears before 
examination On Dec S 1926, she had pain in the right side ot the head and a 
discharge from the right ear accompanied bv vomiting 

December 18 She was admitted to the Newark Eve and Ear Infirmarv on 
the service of Dr John Hemsath, vvith a diagnosis ot acute right-sided mastoiditis 
The temperature varied from 99 3 to 101 1 F 

December 20 A. simple mastoid operation was pertormed Pus and granula- 
tions were found m antrum and mastoid cells A culture trom a smear Irom the 
mastoid showed Streptococcus nonhcmolxticus The patient was discharged six 
davs later apparentiv m excellent condition 

Jan 4 1927 She was readmitted to hospital complaining of irregular pain 
ill the head and general malaise with protuse discharge irom the mastoid wound 
and ear The temperature and pulse were normal She remained in the ho'-pital 
until Tanuarv 28 during which time she had several attacks ot rather severe pain 
111 the head which were relieved bv dressing ot the wound On Tanuarv 13 she 
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complaiiiccl of sliglu (Ii//iiitss, in .uldilion to the Iicidaclic flic former disap 
pcarcd and did not ictinn, hut tlie headaches persisted irreKnlarh, at times being 
ihnost cntirel\ aliscnt md .ir im se\erc J lie' teiniicr iturc \ariecl between 983 
and 100 3 F, hut on one oecasion it le idled 101 F, <iiid on anotlier 102 F The 
Msiid fields were siiggcstiie of hiteniporal hcmianopic contraction 

January 14 1 he patient complained of .i stiff neck accornpaiijiiig her head 

aclie The visual field was suggestnc of right-sided hemiaiiopic indentation A 
few days later (Jaiui ir\ 18) the msii d field was siiggestue of left-sided hemi 
aiiopic indent ition 

Januan 22 The pitient cried with a sceere pun on the right side of her face 
Repeated blood counts show cd cr\ tliroci tes, 4,800,000 , hemoglobin, 8S per 
cent, Icukocitcs, from 9,200 to 8,400, poh iiiorphonticlears, 78 to 80 per cent, 
hmphocj tes, from 20 to 22 per cent Cnltiircs were negatne The Wassermann 
reaction was negatne 



Fig 1 (case 1) — Caries of the petrous apex sliowang erosion on the super 
surface 


Februarj 8 The patient had considerable pain over the right eye, the P^^ 
111 the head now being definitely located in tins region She also had 
/mess and pain in the back of the neck The temperature varied from 
102 F The visual fields w^re suggestive of a bitemporal liemianopic iiidenta 
February 18 The patient was transferred to the Cranial Surgery Departm 
w'lth the statement that “during the past ten days the patient has had 
pain in the head and over the right eje, a slight stiff neck, and an irrcg^^^^ 
temperature, 100 to 101 F, and that on the previous night she had had an 


of severe di/rincss, associated with njstagmus and vomiting” 

The temperature suddcnlv rose to 106 F, and the pulse rate to 
patient was now complaining of severe pam m the left side of the head 


120 Tlic 
The neeb 


was marked^ stiff ^ 

Il\auimaltou — There was spontaneous horizontal nvstagmiis to the right, ' 
tendenev to divergence The disk margins of the right eje were slight} 
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tinct t!ic \css<.Is wcie lull tortuous and dark Hearing on the affected side was 
present but reduced Tliere was weakness of the lelt lower side of the tace 
(opposite to the side of the suppurating ear) The tongue protruded in the 
nudline -MI reflexes were diniinished The blood count showed leukoc\te 5 
16,000, poKinorphonuclears, 86 per cent, l\mphoc\tes, 14 per cent 

Lumbar puncture showed a pressure ot 20 nini ot niercun , cloud\ fluid 3,500 
cells per cubic millimeter, clucfl\ pohmorphonuclear , coagulable albumin, shghth 
increased globulin , chloride content 0 63 and no micro-organisms 

Roentgen examination showed moderate cloudiness ot the right frontal sinus 
and the right ethmoids 

The Msual fields showed marked bitemporal contraction ot both fields 
Diagiiostit Iiit/'i c':sioii — The diagnostic impression was right cerebellar 
abscess with secondare meningitis Ot course the fact that she had see ere pain 
m her eee eeould make it look as it the middle tossa eeas affected, but the 
marked nestagmus puts the infection m the posterior fossa It mae be that she 
has a meningitis of tiie eehole ot the base causing the nestagmus’ 

Third 0{<cratwii — The right common carotid was ligated The solid angle 
eeas remoeed the lateral arm ot the right cisterna pontis opened and a large 
quantite of fluid eeaciiated A.n exploratiee puncture ot the cerebellum lor 
abscess eeas negatiee Puncture of temporal lobes also reeealed negatiee results 
m the performance of the puncture a distended right lateral eentncle eeas tapped 
Death resulted in coma trom meningitis tour daes alter operation 
The lumbar fluid remained sterile until the dae prior to death, eehen it con- 
tained streptococci 

Postiiwitciii Erainiiiafion —On remoeal ot the dura trom the right petrous 
bone, the apex eeas seen to be the seat of a caeite Into this caeite a probe could 
be passed the distance of two thirds of an inch It ineoleed both the anterior and 
tile posterior surfaces of the petrous peramid eeitli the compact bone of the 
superior border of the petrous remaining The ca\iU was filled with semisolid 
' ellow ish material, w Inch looked like cholesteatoma The mass w as apparenth 
held in shape bj the oierljmg dura On the anterior surface of the pyramid, the 
carious area la\ under the fifth ner\e the o\erl\ing ganglion being edematous and 
surrounded bt granulation tissue The purulent granulomatous mass included 
the carotid canal, although the carotid arterj was perMOUS The adjacent 
ca\ ernous sinus w as apparenth obliterated, for its car ities could not be found 
howerer, it did not contain pus The posterior surface of the petrous apex was 
also eroded, the orifice of the caritr on this surface extended from the petro- 
spheno-occipital suture mesialh to within one-third inch ot the inner border 
of the internal auditorr meatus, the latter in its depth was undermined br the 
carious caritr The pathologic caritr was one-halt inch m width, three-eighths 
inch in length and three-eighths inch in the rertical plane It contained a mass 
of cheesr pus and detritus which resembled cholesteatoma 

Coiiimciit — The location ot the caritr iinohing both the anterior surtace ot the 
petrous (that is the floor of the middle fossa) and the anterior wall of the bulbar 
depression in the posterior fossa, explained the combination of stmptoms ot gas- 
serian ganglion pain and marked m stagmus ot bulbar origin 

Postmoi tem Exainmatioii of Alcningcs — From tlie bom locus there had 
originated a meningitis of the bulbar cisterna, which latter was the site ot a 
purulent exudate This exudate extended from the pontile region torward to 
the chiasmal cisterna and lateralh the process had broken loose trom the bulbar 
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tistciiia, u'licic It Iiid i)(.(.ii cnnlitiL(I for .1 loiiskIh iIiIl ptriotl, sprc idiiig, as it did, 
fioni llic imlliai Listtnii foiwitd into tlit clii isiiu iiul I itcrallv o\cr tin 
Lticl)clliiiii 

J lie tciiiiinal (lifliisc nKiiiiigitis was oiiK i scrjiicla of tlic loc ili7C(l nitmngdis 
of the bull), II cistcina 

'Jilt clistinct limit, itioii of tlit cinoiis process is found post iiiortciii warranted 
the belief th,it the e ise olTeied i good iiiosjiect for ieco\er\ had the condition 
been dnigiiosed eirls iiid 1 idie il operation been performed with dniiiiagt of tin 
infected bonj iiti dong the floor of the middle fossa And even at i nnicli later 
jici lod (w'hen the di//mess ,ind stiff neek ga\c w irniiig th,it the posterior fossa 
w,is affected), the locali/atioii of the nunnigitis In the biilbir cisterina, winch had 
lesiilted from a slow loeali/ed c tries, sliow'td tint the septic processes w’crc still 
coiitioll ible if i r,idie,d ilt ick on the c irions area e\cn then bad been associated 
with esacuatioii of the fluid in the biilbii cisteriia 


Commeut on Cnrrr J and 2 — Both cases 1 md 2 cont,iin distinct aspects of 
siiniliiitj' which should h,i\e illowed an t irh dnagiiosis of ( 1 ) cirics of the 
petrous tip, and 1 itei ( 2 ) of nieimigitis of the bulb,ir cisteriia, the litter condition 
nu,iri,iblv lesultiiig fioiii the forniei wdieii niirtlieied b^ surgic,al inters cntion 
As ,i result of these two p,ithologic jiiocessts both c.ises presented ( 3 ) a syniptoni 
complex of middle' foss i and postciior foss,a (bulbar cisteriia) iinohenient, an 
this 111 chronologic order 

( 1 ) Siinploms of C,irics of the Petrous Apex (Middle Fossa Sjniptonis) 
Both patients had iiaiii rcfcircd to the fust branch of the trifacial nerve or 
a consider iblc pciiod of time bcfoic nieiinigitis became outstaiidnig In A > 
the pain lasted from J,uui,ii\ 22 to Ftbiiiiry 18 (twenty -six days), ni J Mtc ' , 
fioni I\I,irch IS to April 1 (fifteen dais) 

The pain 111 the face and teeth piobably' w,is due to iiivolvcmciit by the carious 
pioccss of braiiebos to tbc sensory' loot, and of tbc dura, wdncli is very a 
to the bone 1 irgcly because of the passage of fibers of Arnold’s iicivc witi 
great superficial petros d in the hi itus fallopii 

Dissection on cui.ivers has shown me that the iicivc connection wliieh pa 
under tbc gassciian ganglion cannot be scpaiatcd easily from the bone, a 
extiadinal and on the sui f.iec of the bone itself , 

'] he rctio-oculai pain — p,mi behind the cy'c — w'as referable to 111 
by edema or inflanimatoiy infiltiation of the dm, a itself, witb a pulling on 
bi inch, as in both cases At iiostiiioi tcni exanmiation, “the ontei siirf,iec 0 
dm t of the gissciiin icgion w'as iiioic or less hcniorihagic ” 

( 2 ) Symptoms of Bulb 11 Cistcina Meningitis (Posterior I'ossa Symptom 
(a) Both patients had early stiff neck issociated with (b) subacute 
general malaise, headaches, restlessness at night and irregular slight tempera 
111 the presenee of m otitis Tins slight stiff neck was the lirst 
an involvenicnt of tbc canons process into tbc bulbil cisteriia of the 
foss i 'Ibis mcmngcil lesion which, for i considerable period, remained oca^ 
iiltini itcly picsented a symptom-complex, wliicb I believe to be di ignos 1 
biiliiar cisteriia incmngitis j 

J here w is instigniiis of brain stem origin, vi/ , at first toward tlm 


(c) 


w IlK-ll 


of the lesion and liter aerlical 111 direction, associated w'lth (d) a stupor, 
resembled tbc stupor of cerebellar abscess — accompanied by stiff 
lie idaciic, bigli temperature, high cell count of the sterile fluid from t m 
region, but un issoeiited with the violent he idache, lestlessncss and dcliriiii 
eortieil mcnnigitis 
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riub bulbir cibtcnn meningitis -ittcr remaining localized tor a \anable time 
spreads lorward and nm cause (i) i bitemporal confncfion ol the Msuai fields, 
which was present in both cases and ma\ be of the greatest diagnostic importance 
(3) Other Points of Similarit\ in the Two Cases Both cases showed a 
lieinorrh igic process m the basal ganglion of the brain, concerning the origin and 
significance of this I ha\e nothing to offer 

Both cases showed absence ot the sixth ner\e in\ohement until the period oi 
terminal meningitis 

^.elther case showed an internal In drocephaliis so frequenth present m the 
usual cases of meningitis ot the posterior part of the base 

C\SF 3 — rractiiiL of Cnbufonn Platt of Lihmotd and Piuuiiwcocctt Men- 
ingitis of the Bulbar Ciitcrna 

Hi^tor\ — One week before examination a child fell, hitting his head against a 
stone and receuing a small cut on the right side ot the nose The wound became 
infected The patient became te\ensh and restless Three da\s later he began to 
ha\e se\ere headache and stiff neck, followed b% difficultj with speech and semi- 
consciousness He was brought to the Cit\ Hospital on the seientli da\ after 
mjur\ 

Examination — The patient lax quietlx in a semicoinatose condition, from xxhich 
he could be aroused He was irrational at times howexer The temperature was 
104 r The pulse rate was fast and xanable The frontal region shotted a small 
hematoma (and a burn from the use of a strong liniment which had been applied 
to reliete his headache) 

Ejes There was a small laceration ot the skin oxer the lacrimal region ot 
the inner side of the right orbit, but no discharge There was no ecchtmosis of 
the lids or conjunctna the pupils xxere equal, and reacted to light and in accommo- 
dation, but had a spontaneous horizontal nxstagmus which became xertical on 
looking upxt ard Hearing xx as present m both ears , there w as no bleeding 

There was marked rigiditx of the neck, which the father said had been present 
for three dats A. marked Kernig sign was seen on the left side, it was slight 
on the right The knee jerks were actite The Brudzinski sign xxas positixe, the 
cremasteric reflex positixe and the abdominal reflexes absent \ roentgenogram 
for fracture of the cribriform plate was negatixe 

On lumbar puncture the fluid xxas found under marked pressure, it xxas 
clear and contained but 392 cells per cubic millimeter and pneumococci (gram- 
positixe diplococci) 

Diagnostic Impiession — The diagnostic impression xxas “From the horizontal 
and the xertical nxstagmus (brain stem) , the retracted position of the head, and 
especiallx from the fact that he has not the meningeal crx , but lies in a stupor 
from xxhich he can be aroused, I am of the opinion that the patient has an inxolxe- 
ment of the cisterna of the brain stem, that is, oxer the pons 

Suggested Tiiatnicnt — Because of the similaritx of the clinical picture to 
patients A R and MacE (cases 2 and 1) xxho had definite lesions in the bulbar 
cisterna, I remoxed the child to the Dxe and Ear Infirmarx xxitli the idea ot 
XX ashing out the bulbar cisterna bx the introduction of a cannula passed through 
the inner side of the orbit and then intradurallx along the lateral xxall ol the 
caxernous sinus and continued through the subarachnoid prolongation of the filth 
nerxe, tlms opening into the basal ci'-terna which latter at this point extends 
a considerable distance anterior to the plane of the pons Although I had prac- 
tice! this puncture on sexeral cadaxers (sometimes without pnncturing the cax- 
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ernoiis .iiicl itjini tiittriii^r tilbtr it or tliL initldlc fossi), ^\)itii it came to 
pcrformiiiff it on ti Ining patitnl I was rcdiict iiit to siibniil liim to tlic risk 
Ticatiiiiiit — OLopito-.ilIouI piuKturc was performed lire duid at first was 
slic;lith blooda but soon licininc cit.ir, it coiitTincd no cells but numerous pneu 
mococci 


Sub<;cquiitt llnloiv — ] he jiatient contuuicd m uneonsetous state with occa 
sioinl periods of restlessness, hifjh temper ilure and rapid pulse 

Liunb.ir puncture sliowed fluid under pressure, it was cloudr, straw -colored 
and contained pneumococci 

Po ft mot tern L lomiiiofioii — sni ill fracture w is seen through the posterior 
portion of the cribriform plate T licrc w is no bcniorrlngc into the orbit, but 
a small spot of ecclnmosis into the briui cortes o\cr the site of the fracture 
I he meninges of the base of the brain showed exudate in a trpical ring sur 
rounding the brain stem, which w vs distincth marked and outlined b> the limitt 
exudate (fig 2) The upper part of the cord was also surrounded b\ a thic 
exudate 

In addition to this exudate around the brain stem, there was a thick exu ite 
in both the centriclcs so that it could be readilj wiped aw'a\ (Whether ti'S 
shows that the infection was primar\ onI\ in the xentncles and then passed into ne 
brain stem, I do not know , but I think it was the other waj about, iiz, tn 
sent from the biam stem into die xcntncles ) j 

W'bile there w'Cie a few spots of exudate m the cortex, ncarlt all weic 
beside the longitudinal sinus, showing how nature was making an effort 
mate the infection by carrying the exudate into the xeins themsehes, an 
the venous congestion so usual in cases of meningitis is a protective process 

The tract of cerebral mjurj did not seem to go into the \entricle, atioi 
there were also little spots of ecchimosis m the brain 

The convolutions were obliterated, show'ing that the internal hjdrocepia 
these cases was probably due to ventricular exudate throudi 

(At the completion of the postmortem examination, I passed a pro e ' 
the opening near the lacrimal sac backward, and entered the gasserian ga 
I probably could have washed through the infected bulbar cisterna b 3 me 
one cannula introduced by this route and another cannula in the occipito 
region ) 

f tlic 

Comment — It would seem from this case that the washing out o 
by Van Allen’s method, and possibly the washing out of the ventricles ( 
brain was under great tension) is feasible in certain cases 

Case 4 — Bulbai Cistctna Meningitis Infection Entcniiff the Aiachnoid 
Bcloiv by JFay of the Phat yngeal Plexus FoUoiving an Infected If of 

Postciioi PItat yngeal IVall and a Fiacluie of the Aiiteiioi Pait of t 
the Ccivicat Vcitcbiae 

Histoi V — On September 30, the patient w'as shot, the bullet from a wlucb 
ter passing through the left molar region and driving a tooth m front o 
lodged in the mucous membrane of the soft palate After traversing the las 
tongue, the bullet perforated the posterior pharjngeal wall and otg^^ 
the soft tissues of the opposite side of the neck On admission to the ^^-(5 

patient was conscious, complained of pain on the right side of the neck " ” 
somewhat swollen He was expectorating considerable blood A large 
wound 01 the pahte, tongue and insopharjnx, made bv the bullet, con 
tinctU seen 
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During tlie next few ch\c the tempenture nnecl from 1004 to 10’ 3 F 
but on October 6 rose to 104 5 T The stiff neck wis thought to be due to the 
snppunting wound The bullet discharged spontaneoush into the msophannx 

The patient wib fed Iw stoiinch tube and was guen aseptic larages to combat 
iniection 

■*" '’’Sb irregular temperature aar\ing from 105 to 
10_ r accompanied b\ se\eral chills and sweats The blood cultures were nega- 
tue The lcukoc^tosIs was IS 600 



Fig 2 (case 3) — Ringhke exudate in bulbar meningitis beginning in the 
pontile cisterna and extending around the hair stem 

October 11 The patient was restless but there was no headache or otiier 
Mgn ot meningeal irritation 

October 13 — The temperature again reached 105 F, following a chill There 
was no headache The patient was slighth irrational and pulled the tube irom 
his throat 

ithm a few hours he presented tlie topical picture ot bulbar cistema 
meningitis He on his back with the e\es closed but could be arou-ed, there 
was a slight stiff neck but no more than was present e\er since injure There 
was incontinence associated eeith a high temperature slight re'tle'sne-.s but no 
headache Lumbar puncture reeealed milke fluid not under pressure the cell 
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count was 2,800, tlic globulin ro iclioii ms 3 pins, and micro-organisms were 
found, piob.ibh slrcploeocci 

I be patient died tncnt\-foiir hours I.Ucr 

lostmoihiii Lxamuiahnn (Dr II irrison S Marlland) — Postmortem esam 
imition rescaled fracture of the anterior portion of the bodj of the third cervical 
sertebra, surrounding sslncb was ,t slongliing infiltrated mass, a dissecting abscess 
bctuecii the bone and mucous meinhrmc, with mans thrombosed sessels The 
fracture did not enter the sjnnal ean.il 'J he bone of the base oi the skull was 
normal 

Meninges Purulent exudate Idled the bulbar cistcrna on the anterior surface 
of the pons, from winch it extended uiicler the inferior surface of the cerebelluiu, 
and followed the basilar arlcrj upward into the region of the third ner\e and 

into the chiasmal cistcrna from whicli a little exudate ascended into the sihiaii 

fissure Theic was no exudate on the superior surface of the cercbelliiiTi Open 
ing of the xenons sinuses disclosed a purulent clot on the region of the torciilar 
Herophih 

The internal organs showed signs ot general sepsis 

Posivioi tciu Co))i»i()ii — 1 he pus oicr the inferior surface of the cerebelhiiw 

was apparentlj an oicrflow, the same as the slight amount of pus in the s)hian 

fissure The infection must have entered the meninges through the pterigoid or 
pharjngeal plexus of xeiiis 

The pus m the region of the torcular maj ha\e been secondary to the nienui 
gitis or simpl}^ a part of the general xenons sepsis 

CONCLUSIONS 

The dbclucens is the most pnmitn'e of tlie oculai motoi neives and 
IS m intimate relationship with the mesoblastic tissues of the cumml 
base, consequently it is most fiequently paialyzed b) suppmatixe lesions, 
not, as IS genet ally supposed, because of its long couise These inti- 
mate lelationships do not var}" gieatl} m diffeient cadaveis and on tbe 
two sides of the same cadavei 

Abducens jiaialysis of the homolateial oi contralateial side, xvlien 
associated with a suppurative lesion, should be considered as only a 
small part of the clinical picture in the localizing of the site of the lesion 
oi the nature of- the process 

The pei losteo-aponeurotic dural nature of Doiello’s canal and 
peri'dura-arachnoid stiucture of the fifth neive fuinish a satis factor) 
anatomic explanation of the different clinical types of fifth nerve 
irritation and abductor paralysis m those cases in which recovery folio"'’ 
after mastoid exenteration The exolutionary development of the 
branch of the trifacial and its anatomic connectix’’es furnishes a sati'’ 
factory explanation of the significant “pain behind the eye” m cariC’ 
of the petrous apex 

In the differential diagnosis of the t-vpes of meningitis, a proper 
appreciation of (a) the xmrious causes and forms of facial pain atv 
(b) abductor paralysis and the recognition of the (c) syndrome oi 
bulbar cistcrna inx’olvement must pJa}’ an important part 
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Both laoial pani and abductoi pnral3sis in suppurati\e diseases ot 
the middle eai linnish ^ahiable localizing intorination tor the diagnosis 
between intradinal and intia-arachnoid inflammation it the surgeon 
distinguishes between congestion and caries — and between intra-Dorello 
and intracranial iin oh einent — as he diagnoses tacial paralj sis of central 
and peripheral oiigin 

Pioperh interpreted either tacial pain or abductor paraljsis will 
enable a localizing diagnosis ot (a) caries ot the apex ot the petrous 
ptramid, (?>) localized pontile cisterna meningitis as the result of such 
canes (c) suppuration ot the sphenoidal sinus, and (rf) thrombo- 
phlebitis ot the carernous sinus and associated petrosal and basilar reins 
all at a time when surgical interrention promises hope tor recorerr 

In the benign cases, temporotacial pain is a reterred pam from 
irritation ot a sensoir communication trom congestion ot the bone in 
that portion ot the anterior surtace ot the petrous p\ raniid w here the 
geniculate ganglion superficial great petrosal and ridian branches ot 
the glossophar) ngeal nene are giren off, as in this region the nenes 
are m bonj canals, are extradural, and cannot be separated from the 
bone The osseous congestion or dural irritation oiiginating the pain 
mat be more or less quiescent, and still cause pain tor a considerable 
period 

Thus temporotacial pain or e\en a neuralgic pain in the stipra- 
oibital region around the eje or in the tace or teeth, associated with 
or tollowing an otitis, it unaccompanied bt signs ot sepsis, cerebral 
irritation or lab) nnthitis, simph calls tor a complete reraotal ot the 
mastoid cells with their perilabt rinthine cellular connections This 
haring been done, the continuation of the pain onh becomes of serious 
moment whenever the sepsis continues 

First branch pain — pain behind the er e — in the presence ot sepsis 
IS significant of caries of the petrous apex from dural pulling of the 
middle fossa, and if unrerealed b) mastoid examination or if asso- 
ciated w'lth signs of posterior fossa irritation — bulbar meningitis 
11 regular stiff neck, sixth nerre parahsis — it calls tor the opening of 
the apex 

Srmptoms of localized pontile meningitis originate from irritation ot 
the cortex of the anterior surface ot the pons and when it follows 
caries of the petrous apex, the meningeal signs of cortical bulbar 
iiritation follow SMiiptoms ot osseous and dural disease of tlie middle 
tossa 

19 Forks S B Gradenigo « SMidrome \rch Otolarrng 7 363 ( ^pnl) 
1928 (Had temporoparietal pain with loss ot •-eii-'ation in the tace and external 
rectus pariUsis two ^ear^ alter the ear had ceased discharging and the drum 
healed 1 
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Consequenth the symptoms ot localized bulbar meningitis of otitic 
oiigin can be summarized as (1) a period ^^lth signs of dural irntation 
ot the middle fossa ot ^\hlch tacial pam, especialh pain behind the 
e\e, is the most significant (possibh associated \Mth abductor paralysis), 
tolloued by (2) symptoms of arachnoid inflammation of the posterior 
tossa near the median line Localizing middle and posterior fossa 
b}mptoms are thus (3) m combination one with the other, (4) semi- 
coma from ^^hlch the patient can easih be aroused (5) supine position, 
on back, with e}es closed, (6) intermittent recurrence of rertical n}stag- 
mus All these are signs of posterior fossa imohement, but AMthout 
seAere headache, great restlessness and opisthotonos ot cortical menin- 
gitis, although accompanied b} high ferer and rapid pulse 

(7) Repeated trials ot Aisual fields maj rcAeal great bilateral A'aria- 
tions and the sudden appearance of a bitemporal hemianopsia someAAhat 
lesembhng pituitarA tumor pressure 
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THE NATURE OF EWING’S TUMOR 
MURRAY M COPELAND, MD 

CHARLES F GESCHICKTER, MD 
Research Fellows of the Bloodgood Cancer Research Fund in the Surgical 

Pathological Laboratorj of the Johns Hopkins Hospital and Unnersitj 

BALTIMORE 

INTRODUCTIOX 

From among the reports of cases of malignant tumors of the bone m 
the Surgical Pathological Laboratorr of the Johns Hopkins Hospital 
representing m all a total of more than 400 cases, a series of 60 cases 
which were grouped under the name of periosteal round cell sarcoma 
or Eiving’s endothelial m}eloma t\ere selected for the present anahsis 

The result of this analysis has brought forth man}’- interesting and 
not el features in the natural history and clinical course of this tumor,^ 
Under the direction of Dr Bloodgood the cases were first studied 
microscopically and later correlated with clinical data, the prognosis 
and ultimate result being made available in fifty-two of these cases bv 
clinical follow-ups 

Ew'ing’s sarcoma is essentially a disease of early life, the majorit} of 
the tumors occurring during the first tw’o decades (95 per cent) The 
age incidence ranges between and 44 years The males affected 
predominate over the females in an approximate ratio of 2 1, and only 
one negro w'as affected in the series 

The bones most frequently involved were those of the long pipe 
bone class, although the ilium, scapula, clancle, skull and bones of the 
feet w'ere affected m a few instances In no case was the primary 
location of the tumor on other than the shaft side of the bone An 
almost equal number of cases w'ere found dnided betw’een the right and 
the left sides of the body Those bones most readil} subjected to 
trauma were found to be the most frequently affected, that is, the 
femur, tibia, humerus, fibula and pehis, the tibia leading the list with 
imohement in fifteen cases 

* Submitted for publication, Jan 15, 1929 

* Read before tbe Johns Hopkins Medical Societx Jan 7 1929 

* \ided bj a grant of the Hartlea Corporation 

■‘Prom the Department of Surgerj and the Surgical Pathological Laborators 
of the Tohns Hopkins Hospital and UnuersiU 

1 Copeland M M and Gcschicktcr C F Ewings Sarcoma \rch Surg 
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'J i.iuni.i w.is icioidLf! m lu<.n( 3 -(\\o cases and in cvei}' inslaiitc was 
delinitol}' I cl. (ted to the siihscqtieiil onseL of clinic.il syin])lonis Ilic 
.ivci.ii^c l.dent penod noted hetu'ccii tiie lime of li.utin.i .ind the clinit.il 
onset of sjn)j)toins w.ts .ippio\im.ilcl)' live .nul one-h.ilf nionllis 

P.im w.is ,m ontsl.indnif^ syniploni in fifty c.iscs (83 pci cent) <™1 
w.is noted .is tlic fiist syiniitom in twenty-one cases (35 pci cent) 
It usti.dly beq'.in spout. incoiisly, (iiougli in some c.iscs it followed Imunw 
.ind tendcincss by .i moie oi less shoit pciiod, often .ippcaimg siniul 
t.ineonsly with Ininoi foiin.ition Most fierjuently the pnin w.ns fust 
iiUcimittcnt, Listing fiom a few houis to sevet.il d.iys, siihsiding: -'I 
Intel vals bill leciniing c.ich time in .u moic sevcie foiin Jhc intciv.ils 
between the .itl.iclss .ippc.uecl to become shoitci m diii.ilion, nuhl a 
const.iiHj' of p.im w.is noted by Ibc p.itient Noclnin.il pain w.is founc 
to be the most scvcie m man}' c.ises 

In fifty-siv C.ISCS (90 pci cent) .i m.iss could be palp.itecl, and in 
19 jici cent of the c.iscs it w.is compl.nned of Iiy the p.iticiit as the initu 
symptom i he .ivci.ige cim.itioii of tumoi foim.ition, as noted by t ie 
p.ilicnt befoie coming unclei obscivation, w.is thiitccn .incl onc-w 
months 'J he tnmoi m.isscs v.iiiccl fiom sm.ill locah/cd swellings to 
I.iigc fusifoim m.isses, extending along almost the cnlnc length 
.dfccted bone Pciiphci.il disttiib.inces about the tnmoi wcic luaniles 
m the foim of v.isomotoi changes, often giving the skin a soniew m 
moie iccl 01 bluish lint th.m th.it of the suiiounchng cut.mcous aic-'s 
file soft pails, thongli nsti.illy ficcly movable wcic often cclcniaton^^ 
In m.iny instances lecoidcd, loc.vl elevation of tcmpciatnie w.as oin 
ovei the tnmoi m.iss On palpation the Illinois usii.ally 
liaid mdui.itcd swelling, .ipii.uently continuous with the sheath o 
hone Fliiclii.Uion of tlic tnmoi was not noted, though ihcic 
v.iiymg dcgioes of lesilicnce, .il! the giowths being less haid tli.iu )< 

In some of tlic tumoi s tbeic was a tendency to 
t.ineonsly in si/e, with sucldcn cess.ition of pain I he v.mau'J 
the si/e of the tnmoi is to be .issoci.ilccl with hcmoiih.igc aiu 
.ibsoiption 

P.ithologic fi.ictuic W.IS of lekitivcly i.ue occimcncc, bciut, ' 
in only thicc c.ises (5 pei cent) m the senes 'J wo fi.icli"^-^ 
m the uppei sh.ift of the fcmui .ind one in the lowci shaft 
\s W.IS pointed out m .i pievious comnumic.ition, among the 
Hint tnmoi s of the lione, the gicilei numhci of ]).ilhologic n'c 
('62 pi I cent) .Tie found m associition with multiple 
olliei l\pcs simil.nly .ihectcd by fi ictnic aic, ni the oidci o 
licqucncc I)om rests d5 jiei cent, giant cell tumoi, Id P^' ecu. 
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osteogenic saicoma of the bone, 8 per cent- Thus, among the t}pes of 
tumor ot the bone complicated b} pathologic fracture En mg s sarcoma 
presents the minimum number ot cases 

The constitutional reaction ot the bod\ to tumor imasion repeals a 
\ ariable response in different patients 

The range of temperature eleiation is bet\\een 99 and 104 F, the 
arerage being 100 These ele\ations m temperature A\ere commonly 
obsened late in the disease after metastases had occurred, but feier 
^\as also noted earl} in the clinical course m 30 per cent of the cases 
A slight albuminuria together i\ith a few white and red blood cells in 
the urine w'as often associated with the feier Though Bence-Jones 
bodies w^ere not sought as a routine procedure in this series of cases, 
these bodies were not found in a single instance when the test was 
carried out ^ 

In thirty-one cases m which complete blood counts were made, the 
blood picture ranged from that of the normal t}pe to that of a secondari 
anemia and from a relatne leukopenia to a considerable leukoc}losis 
The white blood count and its differential count presented no unusual 
peculiarities Twenty cases showed more than 10000 leukoc^des and 
three had a count of 20,000, the aierage in these cases being 15,200 
white blood cells, this is often a source of confusion leading to the 
diagnosis of osteom} ehtis The differential count, except for an 
occasional eosinophilia ranging from 4 to 20 per cent, was within nor- 
mal limits 

The patients showed great variabilit} in nutrition In some cases a 
noticeable loss of weight was obsened earl} in the course of the 
disease oier a relativel} short period, while in other cases there was 
little or no evidence ot undernutrition until near the termination of 
life The terminal phases of the disease re\ ealed a progressn e emaciation 
in most of the patients obsened 

Internal metastases usually present themsehes clinically late m the 
disease 

As seen by the x-ra}, Ewing’s sarcoma is most often diffuse and 

15 situated near the midshaft of a long bone The earlier lesion pre- 
sents the more difficult diagnosis, and in this disease the difficiilU is 
enhanced b} the \ariabihtv in the appearance of the bones affected and 
infiltrated b\ the tumor The neoplasm expands the shaft of long 
bones b} a diffuse infiltiation of the region which results in widening 
and inci eased densit-v of the cortex and a mottling of the marrow 
ca-\it\, due to areas of increased densit\ Both new bone formation 
and bone destruction are ‘:econdar\ to infiltration ot bone b% the tumor 

2 Gcscliickter C F and Copeland M M ^^uItlple Afaeloma \rcli Sure 

16 S07 (\pnl) 1928 

3 Roeec and GnllicriL \in T M Sc 144 SO' 1912 
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(fig 1) In the call) case, hone foiniation picdoininates, giving rise 
eventually to eithei parallel or lachaling spicules of new reactive bone 
In the later stages of the disease hone destruction, both medullar} and 
cortical, characterizes the x-iaj picture 

The loentgen studies presented here do not support the view that 
Ewing’s tumor is a lesion that is pi imai ily destructive of bone , ^ m si\ 
of seven early cases the first evidence of tumor infiltration was an 



pile 

Fig 1 — A roentgenogram showing bone formation and bone destruction 
peiiosteal reaction with parallel layers of reactive bone, characteristic 
Ewing’s sarcoma, should be noted 

increased density of the bone The typical contour of the 
area in the bone is also against the cunent conception of the 
origin of this neoplasm On a physical basis, one would expect ” 
lary tumors to show an approximate spherical shape in the roen ^ 

4 Ewing, J Neoplastic Diseases, ed 3, Philadelphia, W B 
Coinpin\ 1928 
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gram, because their expansion is unhindered in three and usualh" in 
tour directions In contiast to this, the area infiltrated by Ewings 
tumor IS generally elliptic, with its long axis parallel to the shaft of 
the bone, indicating that the growth is resisted in the tw'o opposite 
directions 

PATHOLOGIC CHAXGES 

An anal)’^sis of the gross pathologic changes aids materially in the 
mtei pretation of the roentgen obsenations The tumor is usually 



Fig 2 — A gross specimen in longitudinal section sliowing the primarj imohe- 
nient o£ the shaft with secondan imasion of the epiplnsis It should be ob'erted 
that the bulk of the tumor is beneath the periosteum and outside the cortical region 

located on the metaplnseal side of the bone, the epiphysis being 
secondai il}'- invohed in onh three instances Regardless of the site of 
origin of the tumor, all the gross specimens with one exception showed 
tlie bulk of the tumor l}ing subpenostealit (fig 2) The medullarj' 
caMtt in some instances contained a small portion ot the tumor, but 
usiialh this region was constricted or totalh occluded bt new reactne 
bone (fig 3) Tlie widened cortex as pictured in the roentgenograms 
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IS shown m the gioss specimens to be made up of subperiosteal and 
endosteal new bone formation, which encioaches on the medullary space 
and frequently seals it off from tumor invasion The tumor appears 
to infiltrate rathei than to destioy bone m its early stages, and the bone 
thus infiltrated reacts vigorously with new bone formation, but this 
bone may subsequently undergo destiuction when suriounded and 
mfiltiated by tumoi, apparently because of the interruption of the blood 



Fig 3 — A gross specimen in longitudinal section showing endosteal reaction, 
which IS sealing off the medullary cavity by reactive bone in an attempt to over- 
come tumor invasion 

supply where the tumor has invaded and blocked both the Volkmann s 
and the haversian canals (fig 4) 

When the involvement of the bone by the tumor is diffuse, the 
subperiosteal reaction of new bone formation is both parallel and at 
right angles to the cortex The origin of this bone is explained by the 
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mode ot advance of the tumor through the ha\ersian system and Volk- 
mann’s canals The parallel deposits ot new bone appear to be the 
result of bone proliferation trom the subperiosteum and peripheral 
la}ers of the cortex, wdien the periosteum has suffered minute sepa- 
ration from the cortex, giving an onion peel-hke formation character- 
istic ot the early roentgenographic appearance (fig 1) With increased 
separation of the periosteum, spicules of new bone ansing either from 
the cortical region or from beneath the periosteum are laid down at 



Fig 4 — A gross specimen taken late in the disease, showing the ultimate 
destruction of the cortical bone, apparentlj due to interruption of the blood supph 
where the tumor has in\aded and blocked both Volkmann’s and the ha\ersian 
canals 

right angles to the shaft rather than parallel (fig 5) We ^ agree with 
Ribbert that this fact is due to the ^essels perforating Volkmann s 
canals, which determine the direction of the new growth of bone when 


5 Buerger L Further Studies of Sarcoma ot Bone, ‘\m J M Sc 140 355 
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they aie pulled outwaid in mainUming then continuity with the peii- 
osteum, aftei it has been elevated This detei inination of bone pattern 
by vessel units is typical of tbe embn'o and is not lost in the adult The 
soft pait lumoi is usually encapsulated by a tbin laj'ei of 
fibious tissue, which at the maigin of the giowth is seen to be con- 
tinuous with the periosteum 1 he tumoi tissue itself is a him but 
gianular, giayish-white substance divided into chaiacteristic lobules by 



Tig 5 — Roentgenogram of Ewing’s sarcoma showing osteophytes at ngtit 
angles to the cortex, together witli a thickening of the cortical bone It should be 
noted that tins reaction is diaphyseal m location 


a niimbei of connective tissue strands, extending fiom the outei capsule 
to the region of coitical bone Occasionally, cysts aie noted m the 
tumor substance 

Tlie microscopic pntbology is one of the most unifoiin cliaiactei istics 
of the disease, revealing a inoie or less constant cellulai morphology 
The t\pe of cell in compact aieas is small and polyhedral, with a 
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round or oval nucleus (fig 6) The c\toplasm is quite scant} and 
practically stainless The nucleus is deeph stained, showing a definite 
limiting membrane with a sparse number of chromatin granules scattered 
through the nucleus without definite arrangement Nucleoli are rareh 
seen, but mitotic figures are frequently noted Little pleomorphism 
IS observed, and multinucleated cells of tumor origin have not been 
noted this being an important matter in tbe microscopic diagnosis 




^ C 7 


Fig 6 — Photomicrograph shoving the uniformiti in tlie size of the cells and 
the indistinct cjtoplasm vith round and o^al nuclei 


There appears to be no intercellular stroma in the tumor (fig 7), 
but fibrous trabeculation dnides the neoplasm into lobules, where it is 
found subperiostealh These septunis otten gne the tumor an 
aheolar amngement 

\ ascularit} is rariable in these tumors and ma^ be pronounced In 
some sections taken through areas of bone hatersian canals occupied 
In blood \essels were infiltrated b^ the tumor the tumor cells some- 
times hmtr within and sometimes without the \essel walls ffi" S) 
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Phenomena of this chaiactei have been cited by some authois as evi- 
dence of the seat of oiigin of the tiimoi, but we aie inclined to the 
belief that m most of these instances tumoi cells aie following the 
path of least lesistance m then invasion of bone, tiaveising the 
haveisian systems 

Areas of fibio-ostosis '* (osteitis fibiosa), eithei subperiosteal oi 
endosteal in origin, aie seen wheie the tumoi is invading bone, and 
constitute a healing leaction (fig 9) 



Tig 7 — Pliotomicrograpli of Ewing’s sarcoma Observe the lack of inter- 
cellular stroma 


Neciotic aieas of tumoi are often noted suiiounding islands of 
tumoi cells thiough the centei of which a blood vessel passes, the blood 
supply apparently being inadequate foi moie than the tumoi cells 
immediately sui rounding the vessel The peripher}'’ of these tumors is 
frequently infiltrated by cells of the pol 3 anorphonuclear oi monocytic 
tvpes This round cell infiltration is most common in the tumors of 

6 Geschickter, C E, and Copeland M M Osteitis Fibrosa and Giant 
Cell Tumor ‘\rch Surg 19 169 f A.ug 3 1929 
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longer duration or in those mIiicIi lia\e previoush been explored and 
not infrequent!} leads to an erroneous diagnosis of osteoni\ elitis at 
biops} Plasma-like cell infiltration was noted in a tew cases and this 
possibh ma} ha\e no special relation to the tumor, as sections ot normal 
bone sometimes show such cells On the basis of finding these cells, cer- 
tain authors ha\e suggested a relation between this tumor and multiple 
m\ eloma ' 



Fig 8 — Photomicrograph showng a portion of the cortex of a bone. The 
harersian canals hare been rridened br the mfiltration of tumor v hich has 
perraded the bone bj means of the perivascular Irmphatics rruthin the harersian 
canals 


Dissemination and metastases hare occurred in ererr case of the 
series which so far has terminated fatalh The extent of metastases 

7 Ewing (footnote 4) Kolodnv A. Bone Sarcoma Surg Gmec Obst 
44 126 1927 
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has been most difficult to localize because of the insufficient data 
included in many of the case leports, while necropsy has been peifoimed 
relatively rarely in the series Only those fatal cases in which there has 
been definite pi oof of metastases have been lepoited in this discussion 
although every patient is said to have died of tumor The most fre- 
quent sites of metastases aie the lungs, the lymph glands and the 
skull ® The most unique featuie m the dissemination of Ewing’s tumor 



Fig 9 — Photomicrograph showing osteitis fibrosa surrounding the area of 
tumor invasion Observe the osteoid spicules surrounded by osteoblasts and fibrous 
tissue See figure 1 


IS the predilection of the secondary growths for other bones Though 
some observers view this dissemination to other bones as a proof of the 
fact that the tumoi is primarily a multiple disease of the skeleton, 
in our senes it was neaily always possible to obtain a definite latent 
peiiod of from two and a half months to a 3'^ear between the appearance 
of the tumor in the single initial bone and the secondary involvement ol 
othei bones 
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The bones most ficquentl) nnohed in metastases are the skull 
spine, scapula and claMclc although dissemination ma^ occur in the 
long pipe bones 

Though the m\oheincnt of the single bone earl} in the disease nith 
later dissemination of the neoplasm to other bones constitutes a unique 
and important feature of the disease, it is unusual for the patient to 
present himself for examination with more than one bone imohed, and 
a single focus usual!} predominates in size as well as in the duration 
of Its growth 

In reiiewing the man} diagnoses first made and later reused in 
cases of Ewings tumor, it is interesting to note that inflammaton 
diseases of the bone predominate A primary diagnosis of p}Ogenic 
periostitis or osteoni} elitis w'as made in ten cases, tuberculous disease 
of the bone in nine cases, s}phihtic periostitis or osteom} elitis in six 
cases and t} pboid osteoni} elitis ni one case, thus show ing the f requeue} 
W'lth W'hich Ewings tumor is confused with chronic inflammation of 
the bone Chnicalh, multiple imeloina was noted as a source of con- 
fusion in two cases, and literature on Ewing’s sarcoma imohes osteo- 
genic sarcoma and metastatic carcinoma as sources of confusion Since 
space here does not permit going into a differential diagnosis of Ew mg s 
sarcoma suffice it to sa} that biops} is most often resorted to in making 
the diagnosis (fig 10) 

At the present time w e ha^ e complete follow -up reports m fift} -tv. o 
cases of Ewing’s sarcoma Forty-three of the patients are dead and 
eight (13 pei cent) are living and apparently well, with an aierage 
duration of life of seven years and eight months following the initial 
S}'mptoms 

TREATMENT 

We have divided the methods of treatment into three mam groups 
for analysis (1) amputation or resection with irradiation, (2) ampu- 
tation or resection wathout irradiation, and (3) irradiation alone or wuth 
exploratory operation 

In group 1 are thirteen patients m whom the postoperative duration 
of life averaged 29 2 months, three (22 per cent) of this group are 
well, with an average duration of life extending oAer a period of fiie 
years and se^en months 

In group 2 are twenty-four patients with an a^erage duration of 
life extending over a period of twenty months, four (16 5 per cent) 
of this group are w'ell, the aAerage duration of life extending o\er 
a period of six years 

In group 3 are eight patients with an average duration of life ot 
tw ent} -sei en months One patient of this group is In mg after fift\- 
three months curettage haiing been perfonned prior to irradiation 
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Coley’s toxins appaiently have had no effect on the cluiation of 
hte, vvhethei the toxins weie given alone oi weie combined with other 
toiins of tieatinent 

The weight of evidence at this time seems to indicate that the 
patient should leceive the benefit of both ladical opeiation and loentgen 
tieatments when the tumoi is obseived m the usual location prioi to 
the foimation of metastases ® Exploiation does not necessaiily affect 



Fig 10 — A roentgenogram of Ewing’s sarcoma in tlie femur wincli is not 
unlike early inflammatory disease of the bone 

the piognosis of the disease when radical opeiation oi loeiitgen treat- 
ment follows tins piocedure In two patients living aftei five years, 
exploiation was done before the opeiation of choice was resorted to 
In six cases in which exploratory operation without further treatment 

8 Bloodgood J C Bone Sarcoma Periosteal and Diffuse Tvpc and their 
Diagnosis from Benign Lesions, J Bone &. Joint Surg 8 727, 1926 
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^\as peiioimed, death occurred in fioni one to t\\ent}-h\o months One 
patient ■\^ho recened Cole\ s toxins alone died fourteen months after 
tlie therapeutic procedure i\as begun 

COMMENT 

AVhen the facts brought out b} the anahsis ot this senes of cases 
are listed, they point to the conclusion that the tumor is a malignant 
sarcoma of the bone In fa\or of this is the age incidence of the tumor 
its location in bone, the cellular nature of the pathologic changes, the 
metastases and the high percentage of fataht} Against the opinion 
that this lesion is a metastatic tumor arising primarih outside of bone 
is the failure to demonstrate such a primar}' focus in any of the cases 
studied , the cellular morphology of this tumor does not resemble that ot 
carcinoma, nor does the age of the patient suggest such a disease The 
cures eftected by amputation or the resection of a single bone are also 
against this assumption 

The summary' of our investigations is also against^ the belief that the 
tumor IS possibly' a my'eloma originating in the marrow cavity In the 
first place, the elliptic area of involvement of the shaft with the bulk 
of tumor lying subpenosteally does not resemble the usual central and 
spherical contour of medullary' tumors Multiple my'eloma, metastatic 
carcinoma and chloroma with leukemia all show a central location with 
a more or less spherical grow'th widening the medullary' cav'ity' These 
tumors occupy'ing the marrow' cav'ity show early bone destruction and 
in the majority' of them Bence-Jones bodies have been demonstrated 
during the course of the disease Ewing’s tumor, in contrast to these 
neoplasms, most frequently show's a narrowing or occlusion of the 
medullary' cav'ity' with both endosteal and subperiosteal new bone for- 
mation early' in the disease, w'hich w'ould seem to indicate that the 
tumor has not a primary' medullary' origin The absence of marked 
changes in the blood picture and Bence-Jones bodies m the urine is also 
against this assumption Examination of gross specimens and micro- 
scopic sections cut transv'ersely through the bone usually' shows only' a 
small portion of the tumor tissue in the marrow' cav ity , the rapid 
extension of the tumor in a plane parallel to the axis of the shaft 
indicates that the neoplasm is not able to expand freely' in a central or 
peripheral direction, thus pointing to the fact that the growth is either 
mtracortical or subperiosteal in origin 

The majority' of the observations could be explained by' either an 
mtracortical or a subperiosteal origin of the tumor If the neoplasm 
vv'ere primary' in the hav'ersian sv stems, this would explain the rapid 
infiltration of the tumor producing early endosteal and subperiosteal 
reactions of new' bone It would explain also the distribution of the 
tumor under the periosteum and into the medullarv cavitv in the late* 
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stages, and account foi the widening of the haveisian canals and the 
splitting of the layers of the coitical bone so frequently observed under 
the microscope Howevei, conclusive microscopic pi oof for the origin 
of Ewing’s tumor in the haveisian canals is lacking AVhile all specimens 
usually show the tumoi pervading these stiuctuies we have been 
unable to tell whether the tumor aiises heie or secondarily infiltrates 
into these channels The assumption that Ewing’s tumor arises m the 
subperiosteal location may be maintained with piobably equal validity 
from the facts obseived The active subpei losteal layei which ceases at 
the epiphysis and atrophies in adulthood would account for the primary 
involvement of the shaft only, in the bones of youthful patients This 
locality would account also foi the fact that the bulk of the tumor is to 
be found undei the peiiosteum, for the tendency of the haversian system 
to be infiltrated and for the reactive new bone formation of both 
endosteal and subperiosteal origin It would explain also the tendency 
of the tumor to extend up and down the shaft lather than to form a 
spherical giowth It would also fit m with the absence of Bence-Jones 
bodies in the urine and the lack of marked changes in the blood picture 

On the basis of the observations that have just been pointed out, it 
IS clear that whether the tumoi is primarily intracortical or subperiosteal, 
It is evidently not medullary oi primarily osteolytic, as is currently 
believed The rarity of pathologic fracture, the localities affected and 
the results of roentgen and gross examinations are all against this 
assumption, and bone destiuction is always a late manifestation of the 
disease 

Penvasculai lymphatics m bone have been suggested by some as a 
possible source of origin for the tumoi This is not altogether unfeasi- 
ble and would give this tumor an intracortical origin " Although tumoi 
cells are frequently observed about the vessels in the haversian canals, 
sections of normal bone do not show cells of the Ewing type from 
which the neoplasm might arise While we have observed prolifera- 
tion of cellular elements about these lymphatics of bone beneath such 
conditions as bursitis, the cells are of a different type and the endo- 
thelium of the lymphatics does not appear to us to lesemble Ewings 
cell We have reviewed the endotheliomas of the soft parts along with 
all the sarcomas of the soft parts in the suigical pathologic laboiatory 
and do not find a tumor duplicating Ewing’s sarcoma in morphology 

The facts at our disposal at the present time do not enable us to point 
out either the site of origin or the histogenesis of this tumor, and 
while we believe that the primary focus is specific for bone and is 
probably intracortical or subperiosteal we prefei to leave the matter 
sub judice 

9 Ewing, J Endothelial Mjeloma of Bone, Proc New York Pith Soc 
24 93, 1924 
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UMiF rrrMwv 

An\ opciainL proccdiiic liaMiiir a*- it*? liiiidamental precept the 
ieino\al ot a patlioloi^ic ‘:tnictinc ^\Ith due regaid to its phesiologe and 
to the preset \ation ol the related anatonn should find itselt within the 
capabilities ol c\cr\ well trained surgeon 

The dnision ot opinion ot surgeoii" throughout the world as to the 
choice ot method in pro'-tateetome indicates that except to a brilliant 
tew neither the suprapubic nor the perineal method with its earious 
modifications fulfils all lequircmcnts Ihe choice ot one method rather 
than the other because of greater famiharitv with the procedure and 
the constant attempts to \ar\ and improee the technic are proot ot a 
somewhat general dissatislaction 

It was this dissatislaction which led Voelcker alter mam }ears 
experience with both the suprapubic and the perineal methods and their 
larious modifications, to present before the Berlin Surgical Congress 
in 1919, the technic of his ischioiectal prostatectom\ with a report ot 
fitt}-si\ cases in which this operation was pertormed ^ 

He felt that the difficulties in hemostasis and in the atter-care of 
the wound in the suprapubic operation and the technical difficulty of 
gaming adequate exposure b} the perineal method were definite faults 
of these operations 

At that time, he made the following apt companion 

Compare for example the marked lanance of our surgical principles in per- 
lorming cholec\ stectomj and prosfatectom^ When we remo\e a gallbladder 
filled with stones we do not simph loosen it from its bed b' blunt dissection and 
then tear it in two at its neck Rather do we carefulh make our peritoneal inci- 
sion, and gentlv free the bladder, taking the utmost care not to injure the Iwer 
and the adjoining structures We then ligate the deeper \essels carefullj clamp 
and hgate the c\stic duct and co^er it again with peritoneum or, when we are 
uncertain of the desirability ot primary closure, a dram is carefulb plsce in 
proper position 

In prostatectom^ , howe\er, the gland is freed b\ blunt finger dissection in 
part not under the guidance of the e\e, and is then torn from its surrounding 

structures 

Submitted for publication. Sept 6, 1929 ^ - u n 

“^From the Chirurgische Unn ersitatskhmk und Polikhnik, Unuersitat Ha e- 
Wittenberg, Prof Fritz Voelcker, Director 

1 Voelcker, Fritz Die Prostatectomie als gut ubersiclitliche Operation, 
Zt-clir f urol Chir 4 253, 1919 
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The ischioiectal method has the following distinct advantages 

1 The entile opeiation is done iindei the guidance of the eye, the 
anatomic structuies being leadily lecognized and lespected 

2 Exact hemostasis by means of ligatuie, sutuie and packing is 
possible, the bleeding points being leadily seen 

3 The bladdei neck and the internal sphincter are cleaily seen, and 
so the possibility of leaving small pieces of adenoma behind is unlikely 

4 Dependent drainage fiom the base of the wound is obtained 

5 Death fiom shock has not occuiied in 148 cases obseived, this 
hazaid being given by most wiiteis as the thud most nnpoitant cause 
of death 

6 Peimanent fistula oi incontinence has not occuired 

The technic of the opeiation has been simplified m many small 
details in the last ten yeais The pioceduie as desciibed heie seems 
not to have found its wa)' into the Ameiican liteiatuie 

METHOD 

Pi cpaiatiou — Eveiy effort is made to have the patient m the best possible 
preoperative condition Preliminary drainage is made with either the indwelling 
catheter or the suprapubic fistula, as indicated Preliminary vasotomy is con- 
sidered an essential part of the preoperative preparation, and its performance is 
urged whenever possible before treatment with the indwelling catheter is inaugu- 
rated Postoperative epididjmitis is a frequent and most unpleasant complication 
Young - reported this complication in 20 per cent, Davis ^ in 13 per cent and White ‘ 
in 57 per cent of the prostatectomies performed by them More than 30 per cent 
of a former series m this clinic developed epididymitis, but in the present senes of 
148 cases, all with preliminary vasotomy, this complication did not arise 

Position of the Patient — The patient is placed in the prone position with the 
head and chest about 12 inches lower than the pelvis A round leather hair 
pillow IS placed across the lower part of the abdomen and strapped to the thighs 
by means of a pole running through its center, the pressure is so exerted as to 
force the lower abdominal organs dorsalward The legs are widely spread about 
the two uprights of the operating table and the feet encased in specially con- 
structed stirrups (fig 1) 

In my experience, the percentage of postoperative pneumonia is not increased 
through the use of this position Patients w’ho arc operated on under spinal 
anesthesia do not complain of discomfort from the position 

Incision — A small sponge is sewed oacr the anus with a purse-string suture 
The incision is made over either the right or the left ischiorectal fossa, according 
to the preference of the operator Usually the incision is not longer than 10 cm , 

2 Young, H Prostatectoni}', Pre-Operative, Operative, and Post-Operative 
Treatment, Surg Gjnec Obst 36 589, 1923 

3 Davis, Edwin Perineal Prostatectomv, J A M A 91 1618 (Nov 24) 

1928 

4 White, H P W Epididvmitis and Siipra-Pubic Prostatcctom>, Lancet 
20 2 321 1922 





^ The position of tiic pitieiit (This nnd the Tccompan\ing illustrations 
are taken from the monograph ot Fritr Vocickcr and II Bocminghaiis, A.natomie 
und chirurgische Operationslehre der Prostata in Ilandbuch der Lrologie, Berlin, 
Julius Springer, 1926, \oI 1 Tins is ficurc 25 p 232 of the handbuch ) 



Fig 2 — Incision 
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Fig 3 — The levator am is evposed and the direction for its incision is shown 
The inferior border of the gluteus maximus is seen in the upper border of the 
wound (fig 26, p 233) 



fig 4— The le\ator am is divided and retracted The membrani pehis 
Msceralis, the accompanjing ^enous bundle and the line of incision arc shown 
(fig 27, p 233) 
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The 

delne — *3> be termed the crucial one of the operation, for the 

sepa ^1’® prostate -nithout wounding the rectum depends on the careful 

from the"^ Prostate and the rectum These structures are bound together, 

Fortu t ^“rgical standpoint, b\ this rather thick la\ er of tough connectn e tissue 
recoon Pomt there is a constant landmark m the form of a readih 

fhejlie^^ S^roup of \eins running parallel to the anterior rectal wall At times 
Ibe cut distance lateralh and quite deep in the incision, being seen onh after 

As h^^^ letator am has been adequateh retracted 

interior indicate the plane of clear age between the prostate and the 

rpillim Mall, the membrana pehis nsceralis is incised, millimeter br 

}jg medial to these reins and deep enough that the incision mar 

cned b\ genth tearing this structure rrith the two index fingers (fig 4) 
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The prostate and rectal borders are now definitely felt, and the finger is easily 
inserted into the plane of cleavage between them Keeping always along the 
posterior prostatic surface, the operator can easily separate the anterior rectal 
wall from the prostate (fig S) The freed rectum is then retracted with a 




Fig 6 — Diagrammatic representation of the relation of tlie rectum and the 
prostate during the freeing of the latter (fig 32, p 237) 


'pecialh constructed, broad, sharplj ciir\ed retractor, leaving the prostate in full 
view (fig 6) 

During this part of the operation the operator should remember that the 
enlarged prostate has cupped itself about the collapsed rectum, distorting it into t 
definitelv crescentic lorm (fig 7) Those who are unfamiliar with the technic 
inav insert a light into the rectum as an added safeguard 
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REMOVAL or THE PROSTATE 

A horizontal incision is now made through the prostatic sheath and the 
hypertrophied gland, about 1 cm distal to its center, the incision penetrating into 
the prostatic urethra (fig 8) The tip of the indwelling catheter is delivered into 
the wound, a Young retractor is inserted through the urethial opening, its blades 
are opened, and the gland is pulled gently forward and downward, the operator 
now recognizing the neck or base of the bladder The prostatic sheath (the 
so-called capsule) is then freed with the scissors from the upper half of the 
divided gland until it may be held aside with a small claw retractor, the gland 
then being freed further by blunt finger dissection In the region of the seminal 
vesicles, however, the dissection should be sharp throughout, since these structures 
may be readily injured by too brusque blunt dissection 



Fig 9 — The prostate, having been divided longitudinally, is being cut from the 
bladder neck, sutures in the latter being laid to prevent bleeding Grasping forceps 
have been substituted for the Young retractor The indwelling catheter has been 
led out through the original prostatic incision (fig 30, p 216) 


The gland is now cut from the bladder neck with the scissors, the surgeon 
cutting and suturing piecemeal so as to prevent bleeding (fig 9) When the 
adenoma is separated from the bladder neck, it is pulled forward into the wound 
and cut from the pars membranacea urethra with tlie scalpel 

In some cases the entire procedure may be simplified if the adenoma is longi- 
tudinally divided into two halves, and a pair of forceps is substituted for the 
Young retractor, each half being tlien scparatclv rcmo\cd 

After the remoaal of the prostate, the inside of the bladder is cleansed and 
inspected The urethral catheter is reinserted into tlic bladder along vith a 



MEHLRI \ —ISCHIORIZCT 4L FROST ATECTO MV 


445 


rubber drainage tube, inch (1 27 cm ) in dnmeter (fig 10') The cut ends of the 
bladder neck and urethra ma\, \\hen thoiiglit necessar\, be dra^\n together with 
several catgut sutures Tlie wound is then packed with epinephrine gauze the 
horizontal incision in the so-called capsule being sutured o\er a part of the 
tampon The skin is then sutured, no attempt being made to unite muscle or 
lascia 

Postoperative Caic — Immediateh following the operation the bladder is 
irrigated with from 150 to 200 cc of warm salt solution Thereafter, during the 
first twent\-four hours, this is repeated from e\er\ quarter to e\er\ half hour 
depending on the tendency to clot formation The packing is loosened on the 
second da^ and remo\ed on the third The large rubber dram is remo\ed on the 



Fig 10 — The prostate has been remo^ed and the cut ends of the uretlira and 
the bladder neck are being drawn together with se\eral catgut sutures A. thick 
rubber tube drain lies m the bladder The w ound is now packed w ith gauze the 
prostatic sheath being looseh sutured 

eighth to tlie tenth da\ and the urethral catheter is lett in place for fourteen da\s 
except when encrustation demands earlier changing 

COMME^T 

The piesent senes includes 148 cases in which this method was used, 
t\ith a mortality rate ot 4 07 per cent The age incidence was from 
60 to 65 3 ears 38 per cent, trom 65 to 70, 28 per cent, trora 55 to 
60, 22 per cent trom 70 to 75, 10 per cent and from 75 to SO, 2 
pel cent 
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This senes includes the first cases in which this method was used, 
eight suigeons having operated, all of whom were pei forming the 
opeiation for the first time Under these conditions, it seems only 
leasonable to think that the next senes will show a decreased mortality 

SUMMARY 

1 The Voelckei method of ischioiectal pi ostatectomy is piesented 

2 The advantages of this method are 

(a) The operation is done entirely under the guidance of the eye 

(b) Exact hemostasis by means of ligature, suture and packing is 
possible 

(c) Because of exact visibility, the possibility of leaving small 
pieces of adenoma behind is unlikely 

(d) Dependent drainage from the base of the wound is possible 

(e) Death from operative shock has not been encountered 

(/) Peimanent fistulas or incontinence have not occurred 

(g) Postoperative epididymitis can be almost entiiely controlled bv 
the peiformance of vasotomy befoie tieatment with the indwelling 
catheter is inaugurated 

(/i) The series includes 148 cases m which the operation was pei- 
fornied by eight suigeons, with a mortaht}’^ late of 4 07 pei cent 



CHOLEDOCHOGASTROSTOMY FOR SCAR TISSUE 
OBSTRUCTION OF THE COMMON DUCT-" 

J -^VILLI-VM HINTON, MD 

Assistant Professor of Surgen, New York Post-Graduate iMedical School and 
Hospital, Assistant “Attending Surgeon, Belleiue Hospital 

J>EW' ^ORK 

Although a number of plastic operations ha^e been done for injur}’- 
to the common bile duct, a careful surie} of the literature repeals that 
direct anastomosis of this duct with the stomach for relief of scar tis- 
sue obstruction has rareh been performed 

Eliot, m 1918, m his rei lew of the literature on the surger} of the 
hepatic and common bile ducts, cited six cases m each of which an 
anastomosis was made between one of these ducts and the stomach In 
onl}' three -was the anastomosis made betw een the common duct and the 
stomach These three cases were those of Dujarier, O’Da} and Brun- 
ner 

Dujaner’s and O’Day’s cases are reported in tins article Eliot 
stated that Brunner merely noted a successful case of choledochogas- 
trostom} and ga^e no details 

Kehr,- in 1913, said that he had united the stomach to the hepatic 
duct m three cases but gave no details of the operation Eliot cited one 
of Kehr’s cases, m which the anastomosis was between the hepatic duct 
and the stomach 

Dujarier,® m 1911, reported the case of a woman, aged 50, on whom 
a cholecystectomy for gallstones had been perfoimed Sjmptoms per- 
sisted, including jaundice and feier At the second operation, the com- 
mon duct was found to terminate in a cul-de-sac, aboie which it was 
much dilated The common duct was opened and explored wuth the 
finger It showed no obstruction aboie the cul-de-sac As the open- 
ing had been made near the stomach and there were adhesions between 
It and the duct, an anastomosis (lateral) was performed between the 
stomach and the duct Two rows of fine silk sutuies were used The 
anastomosis was reenforced b} a fold of omentum The patient made 
a good recoier}' and remained well for three jears after operation 
No digestne disturbances resulted from the discharge of bile into the 
stomach 

* Submitted for publication, Noi 12, 1929 

1 Eliot E The Repair and Reconstruction of the Hepatic and Common 
Bile Ducts, Surg G 3 ncc Obst 26 81 1918 

2 Kehr Ruckbhck auf 2,000 operationen an den Galleiiw egen, Verhandl d 
dcutsch Gesellsch f Chir 42 273 1913 

3 Dujarier, C Choledoco-gi'trostomie cher une malade operee antcrieure- 
mcnt de cholcci stccfoniie Bull ct mcm Soc de chir dc Pnri' 37 1318 1911 
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In 1920, O’Day ‘ icpoiled a case m winch an opciation had been 
peifoimed on the patient eleven yeais pieviously Ihis was lepoitcd 
by Eliot as a “peisonal commuineation’’ fiom O’Day hi this ease the 
patient had lepeated attacks of colic, followed by peisistent jaundice 
At opeiation, “a fistulous tiaet was found leading fioni the peiforated 
duct to the lessei peiitoneal cavity, which was shut ofi fioin the foia- 
men of Winslow In the lessei cavity was found a considerable amount 
of bile containing one calculus Dining an attempt to fice the chole- 
dochus It bioke off at a jioint just abo\e the adheient mass in which 
the teimination of the duct was embedded, and abundant bile exuded 
fiom the pioximal end An anastomosis was done between this stump 
and the anterioi wall of the stomach in its lowei one-third ” Eleven 
yeais after ojieiation, the patient was in excellent health, with no 
digestive distiii bailees O’Day said that in this case, implantation of 
the stumji of the duct into the stomach seemed the best and safest 
way out 

In 1927, Matthews'’ lepoited a case as a “choledochogastiostonn ” 
in which sjmjitoms had lecuiied aftei a eholec\ stectomy foi gallstones 
Jaundice was maiked At ojieration the hejiatic duct was found gieatly 
dilated and adheient to the duodenum, with a small opening into the 
duodenum This fistula was closed The opening into the hepatic duct 
was just at the junction of the light and left hepatic ducts Bile and 
“sandlike stones” weie found on exjiloiation with the fingei in each 
duct, and weie lemoved Then an anastomosis was made to the uppei 
anteiior suiface of the stomach just proximal to the duodenum The 
anastomosis was done by a sutuie method in two lows, much like 
gastro-intestmal anastomosis This j^roceduie in itself gives some idea 
as to the size of the dilated ducts The patient made a good recover), 
and has been well since the date of operation, July 28, 1924 (The 
anastomosis in this case was ajijiarently between the hejiatic duct and 
the stomach, although the designation of the opeiation would indicate 
that it was between the common duct and the stomach ) 

Walters,” m 1929, repoited seienteen operative cases of benign 
stricture of the common oi hepatic duct He said that he had found 
anastomosis of the common or hepatic duct to the duodenum the most 
satisfactory type of operation in such cases, piovided that sufficient 
duct remains pioximal to the stiictuie to peimit anastomosis In bis 
tabulation of cases, he included two in which choledochogastrostomy 
was done He did not describe the technic of tins opeiation In both 

4 ODni, J C Siirgeo of Ductus Communis Choiccloclius, Ann Stirg 
71 293, 1920 

5 Alatthcws A A Cliolcclocho-Gastrostomy, M Sentinel 35 152, 1927 

6 W liters W Strictures of Common and Hepatic P>ilc Ducts, Snrg 
Gmicc Ohst 48 305 CMarch) 1929 
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■cases cholec^ stectoni} had been done elsewhere, hut jaundice and pain 
had de^ eloped subsequenth In one case there was a stricture of tire 
common and hepatic ducts and a stone m the hepatic duct Choledocho- 
gastrostoiu} was done, and a T-tube was placed in the common duct 
The immediate results were good and the tube was passed Jaundice 
and fe\er, but no pain, recurred within a jear In the second case 
the patient died of intra-abdominal hemorrhage twehe hours atter 
operation 

report or CASE 

History — A woman, aged 48 was admitted to the Post-Graduate Hospital on 
June 25, 1929, with the complaint of jaundice, itching of the skin and pain in 
the epigastrium for the past few weeks, with increasing lauiidice and itching 

The patient was operated on for abdominal tumor m 1919, tor goiter in 1925 
and for disease of the gallbladder in October, 1928 Otherwise the historv was 
unimportant 

Picscut Illness — The patient dated her complaints to four weeks before exam- 
ination, when she noticed that her skin was becoming \ellow and that she had 
some discomfort in the epigastrium There was no se\ere pain but an uncom- 
fortable sensation m the upper part of the abdomen accompanied bt belching 
without \omitmg Her condition gradualh became worse For the last ten dajs she 
had been bothered b^ itching of the entire bod^, as well as b\ increasing jaundice 
She said that in October, 1928, she was operated on m Chicago for a condition 
ot the gallbladder, after which there was drainage of bile until the earh part of 
Januan, 1929 Then the wound healed, and she remained in fairh good health 
until about one month before admission to the hospital, when she began to ha\e 
epigastric discomfort and jaundice, at that time she consulted her famih plnsi- 
cian who ordered that a series of roentgenograms of the gastro-intestmal tract 
be made these were negatne The report from the preiious operation was as 
follows Operation reiealed the stomach and the duodenum to be normal The 
gallbladder was green and thickened There were enlarged glands along the duct 
no stones were palpated Examination of the appendix showed adhesions around 
tne cecum, with subacute inflammation The uterus was normal in size and 
position The adnexa showed adhesions A. choleci stectomi and an appendectomi 
were performed 

Physical Exaniiiialwii — The patient was thin and undernourished, with mark- 
edl\ jaundiced skin and sclera She said that she was 20 pounds (9 Kg) under- 
weight Her neck showed a scar from an operation for goiter but no eiidence 
of tlnroid enlargement There was a hrrnU healed scar o\er the upper right 
rectus muscle and also a firmh healed lower midhne incision As a result oi 
scratching, the patient had numerous abrasions oter the arms legs and bodi, with 
pruritus am 

Laboiatoi ^ Data — Lniiahsis gate negatne results The bleeding tune was 
four minutes, clotting began in fite and one-half minutes and was complete 
in SIX minutes The white blood count and the differential count were normal 

The diagnosis was bihar\ obstruction irom scar tissue 

The patient was gnen daih h\ podcrmoch 'is 1000 cc of 3 per cent dextrose 
and 15 5 grains (1 Gm ) of calcium chloride, mtraeeiioiish for four da\s 

At operation on Juh 3 1929, the abdomen was opened through a right rectus 
incision the preiiotis scar being excised When the peritoneum was opened 
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model ate .ulhcsioiis weic found m Uit nglil upper (ju idr.uU m the rel^lon of tlic 
gallhl.iddcr bed, hut llie gillhladder bed could he exposed without niucli diniciilli, 
lud tile btomach was ficelj movable, the duodenum was .idlurent and dcfinitciv 
fixed \\ lien the eomnion duct was exposed a definite sc ir tissue obstruction 
w IS found 1 iiicli (2 54 cm) below the hepatie veins, with i dilatation of the 
uppei iiieli of the common duct and both heii.itie veins The common duct was 
opened, and the light .uid the left liepitie veins were ])rohcd <uid found to be 
patent (fig 1) J he commoii duct vv is deliiiitelv ohsti tided bv sc ir tissue The 
stomaeh could be eisilv appioxim.ited to the dilated portion of the common duct 
(fig 2) It was impossible to appioximite the doudemun to the eoniinoii duct 
A diieet anastomosis between the common duct <ind the stomaeh w is done, the 
steps of which vveie identical with the steps of a g istro-eiiterostomv After coni- 
pletion of the .in istoinosis, three mattress sutiiics vveie t iheii from the stomach 
to the under surface of the liver to relieve anv tension on the suture line between 
the common duct and the stomach (figs 3 <ind 4) A small rubber tissue driiii 
was mscitcd through the peiitoiicum The ihdomcn was closed in anatomic 
lavers 

Postopci atiVi Coin re — The patients convaleseeiicc was unev ciitful for the 
Inst few davs Theie w is no leak igc of bile .irouiid the di am until the fourth 
dav', when the dressing was saturated with bile On the fifth daj, there was 011 I 3 
slight le ikage of bile on the dressing, and on the sixth dav it eiitirelv disap- 
peared The cig iret dram vvis remov'ed on the sixth dav, and from then on there 
was no leakage of bile At this time, it was noticed that the jaundice was 
defimtel) subsiding and the itching diminishing The patient continued to improve, 
and was dischaiged from the hospital on the twentieth dav At that tune she 
was practically fiec fiom jaundice, and itching liad entirelv disappeared The 
wound had healed, with the exception of a slight area at the lower angle which 
vvis infected 

The patient was last seen on Nov 11, 1929, it which time she felt perfcctlj 
well and was free from j lundice She had gamed 18 pounds (8 Kg ) 111 weight 
since the operation 

COAtMLNT 

The one leason foi doing this opeialion was the ease with wdiich the 
stomach could be appioximated to the common duct foi the anastomosis, 
without tension on the sutuie line 

125 East Sev entv -Second Street 



THE REPAIR OF CLEFT PALATES AFTER 
UNSUCCESSFUL OPERATIONS 

AMTH SPECIAL REFERENCE TO CASES WITH AN EXTENSIA E LOSS 

OF PALATAL TISSLE 

E\RL C\LVIX P\DGETT, MD 

XAASAS CIT\, MO 

If one :s a Aoung man and somewhat of a surgical optimist, a reAiew 
ot the measures used m ojierations on cleft palates is apt to temper 
one’s enthusiasm somew hat and one ma\ entertain a great man\ doubts 
as to the probabilih of surgical mterrention eAer attaining its ultimate 
goal — the ideal functional result — so far as the cleft palate is con- 
cerned In the past maiiA of the great minds m surger\ as a glance at 
the names which lepresent the real milestones of progress will reAeal 
liaAe AAuestled aidenth AAitli the problem of clett palate 

In 1764, Le jMonnier,' a French dentist reported the first successful 
lepair of a cleft Aelum Latex, his success AAas folloAAed b} a on Graefe * 
of Germam m 1817, Roux " ot France m 1819 and \\'arren ■* of Amer- 
ica in 1820 But It remained for Dieftenbach to report the first suc- 
cesstul closure ot both the hard and the soft palate m 1834 Baizeau ® 
in 1853 and a on Langenbeck '' m 1861 claimed origmahtA for the opera- 
tion of Dieftenbach AAith its lateral incisions But cAcn todaA the 
operation beais the name of a on Langenbeck 

" Submitted for publication Sept 7 1929 

^ From the Surgical Department of the Unnersit\ ol Kanca^ School of 
kledicine 

Read before the Section on Surger\ at the Eightieth A.imual Session ot 
the American Medical Association, Portland Ore, Jul\ 10 1929 

1 Le Monnier, quoted bi Robert Memoires sur different objet de medicin 
Pans Masson &. Cie 1764 quoted b\ Verneuil ASS Memoiries de chirurgie 
Pans, Masson &. Cie, 1877-1878, aol 1 p 506 

2 A'on Graefe C Die Gaumennaht em neuentdecktes Mittel gegen ange- 
borene Eehler der Sprache J d Chir u Augenh 1 556, 1820 

3 Rou\, P T Memoires sur la staphx loraphie Arch gen de med 7 516, 

1825 

4 M arren Tohn C On an Operation for the Cure of Natural Fissure oi 
the Soft Palate Am J M Sc 3 1 1828 

5 Baizeau, quoted b\ Verneuil, ASS Memoires de chirurgie. Pans 
Masbon &. Cie 1877-1878 \ol 1 p 506 

6 \ on Langenbeck B Operation dcr angeborenen totalen Spaltung dcs 
liartcn Gauniens inch einer neuen Method Deutsche Khnik 12 211 1861 M eiterc 
Ertahrungen im Gebiete Lrano-plastik mittelst Ablosung de^ mucosperiostalen 
GaniiKnuberzuLCb \rch f klin Chir 5 1 1864 
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Feigusson has geneially received ciedit foi first advocating the 
severance of the palatal muscles (1845) ' and also with osteotomy 
(1873) ® of the hoiizontal piocesses of the palatal bones for relaxation 
It appears, however, that Froiiep ® first earned out the formei procedure 
m 1823, and Dieffenbach the latter procedure m 1826 Billroth,^’- 
m 1861, made the suggestion that the hamular piocesses be fractured 
to relieve tension The use of the mucosal flap fiom the septum to aid 
m the repair of the fissuie was done fiist by Lannelonque in 1877 
The “criss-cross flap” operation of Davies-Colley for closure of the 
hard palate appealed m 1890 In 1893, Biophy^'* suggested the wiring 
operation for bringing the sepal ated alveolar iidges together at an early 
age Finally, m 1902, the Lane^® operation appeared which was an 
extension of the pimciple of the Davies-Colley flaps to both the hard 
and the soft palate 

THE USUAL OPERATIVE PROCEDURES 

Practically all the common opeiations for the lepair of complete 
cleft palates, such as the Lane, Warren and von Langenbeck, have a 
more or less common fundamental defect When the palate is being 
repaired, the mucoperiosteal flaps have to be separated from the palate 
bones and brought down nearly to a horizontal level to obtain midline 
closure because the elevation of the horizontal plates of the palate bones 
on both sides are like the two sides of a raised drawbridge Thus the 
upper surface of the freshly repaired hard palate is raw, and as granu- 
lation occurs the soft tissues of the hard palate eithei come up to the 
horizontal plates or the plates go down to the soft tissues Probably 

7 Fergusson, William Observations on Cleft Palate and on Staphyloraphie 
Tr Med Soc -Chir 28 273, 1845 , On Cleft Palate and on Staphyloraphie, Med 
Times 16 25, 1847, On Hare-Lip and Split Palate, Lancet 1 719, 1864 

8 Fergusson, William A New Operation for Cleft Palate, Lancet 11 784, 
1873, Successful Treatment of Four Cases of Cleft m the Hard Palate by a 
New Operation, ibid 1 298, 1874 

9 Froriep “Nottizen” chirurgische Kupfertafin, Wcimer, 1823 

10 Dieffenbach, J F Chirurgie Erfahrung, 1834, no 324, p 168, Die 
Operative Chirurgie, Leipzig, F A Brockhaus, 1845 

11 Billroth, T Ueber Uranoplastik, Wien klin Wchnschr 2 241, 1889 

12 Lannelonque De I’uranoplastic osteo-muqueuse, Bull et mem Soc de 
chir de Par 111 467, T877 

13 Davies-Colley, T N C On a Method of Closing Cleft of the Hard 
Palate bj Operation, Brit M J 11 950, 1890 

14 Brophy, T W Broph 3 "’s Operation for Cleft Palate, m Catching Comp 
Pract Dent Atlanta, 1894, \ol 258, p 262, Proc Third Internat Dent Cong 
152 153, 1900, quoted by Stone, in Bryant and Buck American Practice of 
Surgeri, New York, William Wood &. Company, 1908, from Park Surgery, 
Philadelphia, Lea Brothers Company, 1893 

15 Lane, W A On Cleft Palate, Lancet 11 433, 1902 
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both movements occur to some extent, especialh in the }oung, but the 
tendenc} for the anterior end of the soft palate to be pulled up to the 
apex of the V formed bi the posterioi edges of the horizontal plates 
of the palate bones is ah\a^s present 

The observance of a feu cases of narrou recessne detormit} of the 
upper jaw m the adolescent uho has undergone an operation in mtanc} 
m whom the aheolar ridges uere uired together uarns one to let the 
maxillary bones alone if possible Thus the Broph) uiring operation, 
which necessitates a later operation of the Warren tjpe, is losing 
adherents ^^dlen the surgeons who still adhere to the behef that the 
earl}’- wunng together of the aheolar ridges is a good procedure are 
excluded, opinion is fairh umform as to the operative methods to be 
used and to the necessar^ essentials preceding closure of the cleft palate 
m which sufficient tissue is present In selected cases the Lane operation 
may be useful, }et because of the likelihood ot a slough of the upper 
flap and the probabilt} that the cicatrix will interfere with mobilit} of 
the velum, it is not generally popular The \A’arren operation wuthout 
the lateral incisions gnes good results in palates with high vaults and 
m palates m which the arch of the aheolar ridge has been narrowed b} 
a wiring operation The von Langenbeck operation with its lateral 
relaxing incisions, loosening of the raphe at the posterior end of the 
palatal bones and the preservation of the postenor palatine arter} to 
each flap seems to ha^e withstood the test of time for the routine case 
and probably is justl} the most popular operation for the usual cleft 
palate 

P’VLA.TE LENGTH NECESSARY 

Aside from its function of forming a diaphragm between the naso- 
pharynx and orophar}nx in the act of swallowing, the palate normall} 
should be able to form a “flap lalve” betiveen the resonating cavities of 
the nose and the mouth at the moment of the proper articulation of a 
great manv of the consonants — all except m, n and ng In “cleft palate” 
speech some of the air w’-hich m the articulation of nearl} all consonants 
ought to be expelled through the mouth escapes through the cleft into 
the nose, w here it vibrates m the nasal cai it} and finall} escapes through 
the anterior nares The oral consonants are coiiAerted into the Aoiced 
nasal consonants and cannot be i oiced as loudh , as clear!} or as forcibh 
as the\ should be 

Thus one ot the outstanding needs in surgical intera ention of the 
cleft palate toda\ is a workable procedure which effectual!} lengthens 
the soft palate With this Inpothesis in mind a few clinical experi- 
ments were performed on badh damaged palates with the hope that 
the wa} to some improiement of the present-da\ results might become 
•somewhat clearer The hope was entertained that these badh damaged 
palates might show sufficient functional impro\einent after operation to 



456 


ARCHIVES OF SURGERY 


wail ant the extension of the same methods to the oidinaiy ease of cleft 
palate in which opeiation w'as not peifoiined oi the ease in wdiich 
opeiation had been done with failuie to obtain midline union in wdiich 
no tissue loss had occiiiied As )et, howeiei, the justification foi such 
an extension of the type of opeiations to he deseiihed has seemed 
questionable 

iiiL srvnui I \ uwiAoiD palaii: 

Besides patients w'lth the oidinan tjpes of eleft palate in which 
opeiations w'eie not perfoimed oi the cases in which opeiations w'eie pei- 
foimed wuth failuie to obtain midline union but in wdiich no tissue loss 
has occniied, a niimbei of patients pi esent themselves foi lepaii wdiohave 
been opeiated on one oi moic tunes pieiioiisl) and in wdiom theie is 
unmistakable evidence of an old slough ^\n occasional patient is also 
seen who show's a maiked disuse atiophy of the soft palate wdiieh w'as 
due to the fact that an opeiation w'as not peifoimed at the piopei time 

To show' the inteii elation and to aid in discussion the seieieh 
damaged palates have been divided into thiee gioups. as follow's 

1 Cases in w'hich midline union is piobablc oi has occuiiul but in 
which the velum is maikedly atrophic oi definiteh shoitened by cicatiix 

2 Cases in w'hich aftei opeiation the tissue of the haul palate is pic- 
seived so that the closiiie of the haid palate has been obtained oi is 
obtainable, but in whom a consideiable jiait of the A'elum has been lost 

3 Cases in which a pievious opeiation has lesulted in a sloughing of 
so much of the tissue of the haid palate and of the soft palate that 
lepaii IS obviously impossible w'lthout the use of tissue fiom othei 
souices than the mouth 

The obMous need in the palates of the fiist gioup is the addition 
of tissue W'lthout intei ference ivith mobility so that the velum can come 
in contact with the posterioi phai)ngeal w'all In palates of the second 
and thud gioups, an) soft tissue diaphiagm built m to take the place 
of the soft palate oi the whole palate, lespectivelv, w'hich does not 
obstiuct breathing ought to be an aid m closm« oft the nasojibaivnx 
fiom the oiophannx in the act of aiticulation 

Most of the patients selected weie of the t)pe foi w'hom the usual 
methods of opeiation had little to offei In each case the pioceduies 
used foi lepaii it seemed leasonablc to believe, w'ould leplace the 
palatal tissue loss The lesiilts obtained tbeieby aie piesented by bnef 
histones of the cases 

REPORr or CAsrs 

1 be lepoit of the case that follow's repicsents an effoit to solve bv 
opeiation the problem of the patient w'lth an almost com])letc loss of 
the eeliim (group 2) It w'as obvious!) impossible to repaii such a 
palate without tissue othei than that from the palate 
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C\SE 1 — On Xo\ 21, 1926, a woman aged 21 was admitted to the Bell 
^Memorial Hospital with the histor\ of four unsuccesstul operations on the palate 
From a point opposite the let el of the lartnv a long pedicled flap ol mucosa, 
about 6 cm in length bt 3 cm in width, was dissected upward oft the pO'terior 
phartngeal wall in the midline so that the base of the flap was about on a let el 
with the posterior edge of the palate The flap could then be pulled forward to 
the posterior edge ot the hard palate From the remnants of the upper surface 
ot the soft palate a semicircular flap was loosened with a right angled kniie and 
turned downward and toward the midline so that the mucosal cotering wa^ adja- 
cent to the tongue This procedure left a large raw area on the upper surface 
of the remnants ot the telum The pharyngeal flap was then sewed into this raw 
detect Thus a mucosal co\ering was made tor the upper surtace ot the soft 
palate The flaps from the remnants of the soft palate then were drawn to the 
midline beneath the pharyngeal flap and the edges yyere seyyed togetlier ffigs 1 
2 and 3) 

On the day folloyying the operation it y\as noticed, to my great stir- 
piise, that the patient articulated her yyords nearly perfectly Her 



Fig 1 (case 1) — Diagram of the upper surtace ot the soit palate, shoyying 
method in yyhich the “shelf’ flaps yyere turned mediahyard and the position ot 
the pharyngeal flap after it yyas throyyn into the rayy area on the upper surtace 
of the palate 

speech yyas nnproyed so startling!} that prematurely the conclusion yyas 
1 cached that the key to the problem of defectne speech m cleft palate 
had been found But as the flap from the pharyngeal yyall gradually 
tubed itselt, although the treedom ot the airyyay improyed her speech 
yy'as someyyhat less perfect This patient has been folloyyed up lor ty\o 
and a half years ^^hen she has a cold she has some respiratory diffi- 
culty because ot accumulated discharge m the nasopharynx especially' 
It night Her speech is a little thick and reminds one ot speech yyhen 
the mouth is too lull ot food but the cleft palate type ot speech has 
liceii remedied The improyement in the articulation ot her yyords is 
ically lemarkahle (fig 4) 

In case 2 an attempt yyas made to improye sjxiech by lengthening the 
short atrophic yclum This sott palate yyas typical ot the type seen in 
yyhich opeiation is postjjoned until adult hte (group 1) \ tairh 







Fig 2 — Lateial iniclsectioii mcw of tlic palate, pharynx and pharjngeal nap 
after it was sewed on the tipper surface of the soft palate as in case 1 
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I If! 3 — T lie ippcar incc of llic soft p'lhtc from inside tlic mouth iftcr the 
Iihirtiigcal flap was sewed to the upper surface of the soft p il itc as in c ise 1 
(In eases 2 3 and 4 the methods of turning the flips were retersed hcc iiise the 
latter oiKrition is easier to lerform luechaiucilh ) 
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niaiked disuse muscle atropln ot the Aeluiu uas present, but there was 
sufficient palatal tissue to come together m the midline 

C\SE 2 — On Dec 19, 1928, a man aged 23, entered the Bell Memorial Hos- 
pital with a complete cleft of the \elum A. phar^ngeal flap was turned down- 
ward instead of upward and thus the flap was attached on the under surface of 
the new lelum instead ot on the upper surface as in the preceding case The 
method of placing the flap in this case was re%ersed, because techmcalh it is 
easier to raise the semicircular shell of flap on the soft palate irom the mouth 
side than from the nasal side (figs 5 and 6) 

Six weeks later, the phanngeal flap was detached from the posterior pharin- 
geal wall The tail of the flap was cut rather long so that it could be turned 
o\er on the upper surface of the \elum and doubled on itself to make a thick mass 
of tissue as wide and as long as possible 



Fig 4 (case 1) — Photograph of the inside of the mouth, taken on Juh 5 1929 

This patient has been followed up for about eighteen months He 
IS an intelligent person and practices speaking consonants daih with 
the aid of his wife, who detects changes in sound better than he 
Improiement m the articulation of his words is definite 

Following the operations in the first two cases, in Februart, 1927, a 
case was reported b\ Kirkham **' m which he sutured together the 
superioi constrictor muscle of the phar\nx at the sides of the pharjn- 
geal ca■Mt^ Speech was nearh normal during the three daas that the 
stitches held Kirkham was led to behe\e that the shortening of the 
loop of the superior constrictor muscle was significant and had more 
ot a bearing on correct articulation than heretofore had been thought 

Ifi Kirkbam H L D Prcliminar\ Paper on Improicment ot Speech in 
Cleit Palate Ca'c*; Surer Ginec Obet 44 244 192^ 
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Passcuant long ago called attention to tlie hjqieitioph} ot the supenoi 
constiictor muscles of the phaiynx in the patient with cleft palate 
Oveidevelopment of the supenoi constiictor muscle is explained on the 
basis of its being the only muscle in articulation utilized b}' the patient 
with cleft palate to close off the nasophaiynx from the oiopharynx 

It seems leasonable to attribute some of the improvement m speech 
expel lenced by the patient m case 1 to a tendenc} of the superior con- 
stiictoi loop of muscle to be pulled forwaid somewhat by the flap which 
connects the velum with the posterior phaiyngeal wall Moie signifi- 
cant than the tendency of the foiward pull, howevei, and applicable 
whethei the iDhai3ngeal pedicle flap is se\ered oi not, is the nai rowing 
of the jihaijnx obtained because of the lemoval of the cential mucosal 

sti ip 

The thud case is an example of lather maiked cicatiical contractiiie 
of the soft palate with some muscle atiophy (gioup 1) The hard 
palate was closed completely except foi a small hole in the midline The 
velum was se^Daiated to within about 1 cm of the hard palate, was 
badly scaiied and was shoitened, and some of it appealed to be missing 

Case 3 — This patient was 2j4 years old when first seen in Bell Memorial Hos- 
pital Two operations had, been performed previouslj He was operated on on 
Jan 16, 1928 The velum was rebuilt by the utilization of a pedicled flap from 
the posterior pharjngeal wall The pharyngeal flap was turned downward and 
placed beneath the raw surface formed by the turned up flaps from the soft palate, 
as in case 2 (figs 5 and 6) 

This boy’s speech shows impiotement, howevei, he is appaiently 
subnoimal mentally, and it is difificult to judge accurately the amount 
of improvement He has been followed up foi eighteen months His 
mothei thinks that the impiovement in speech has been definite The 
pedicled flap still remains attached to the pharyngeal w^all 

The patient in case 4 had suffered from about as much loss of the 
tissue of the soft palate as the one in case I, and falls in group 2 of mj' 
classification 

Cvsn 4 — This patient was operated on on Aug 28, 1928, m Bell klcmorial 
Hospital, when 3(4 jears of age He had had three previous attempts at closure 
of tlic palate iMore than one half of the soft palate had sloughed The hard 
pal ite, howe\er, was closed A shelf of mucosa from the remnants of the soft 
palate was turned upward wath the mucosal surface tow'ard the nas il ca\it) 

B\ swinging a flap from the posterior phar 3 ngeal wall with the pedicle down- 
w ird to the raw surface of the upturned flaps from the soft palate, a new soil 
pal ite of good length and width was constructed, as in cases 2 and 3 (Ag*’ 
and 6) 

17 Pass i\ int G Uclier die Beseitigung der naselnden Sprache hei aiigc- 
borenen ^pilten des harten iind weichren Gaumens, Arch f khn Clnr 6 331 
1865 
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Fig 0 — Medial cross-section Mew ot the method used when the pharjngeal 
flap IS turned downward (In cases 2, 3 and 4 the methods of turning the flaps 
were re\erscd, as shown in figures 5 and 6 because the procedure is easier to 
perform mechanicalh ) 


' -iS. 
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Ficr 6 — \ lew ot the palate from within the mouth when the phar\ngeal flap 
IS turned downw ird instead ot upward 
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Impiovcd aiticulation in this patient was immediate and faiily 
maikcd He has been ohseivcd foi ten months The phai 3 'ngeal flap 
has not been detached fiom tlic phaiyngeal wall 

PULVIOUS IDI AS ON PALAU IrNGl^^^l^G 

In 1876, Schoenboi iH"^ advocated the use of a flap fiom the pos- 
teiioi phaiyngeal wall In 1878, Passavant tied the uvula to the pos- 
teiioi phaiyngeal wall by tinning small flaps so that law suiface would 
be to law suiface The idea was not accepted with enthusiasm, although 
it was admitted that speech was impiovcd Scdillot ’’ ciitici/cd the idea 
on the basis that siiigeons had Known that m cases of stiictiiie between 
the n.isal and buccal cavities the nasal type of speech lemained Again, 
icccntly, Rosenthal utilized a flap fiom the posteiioi phaiyngeal wall 
to lepaii the velum Von Kustei’s"^ Jengthenmg opeiatioii by means 
of a poition of the detached edge of the cleft also belongs to this gioiip 
In 1922, Blau peifoimcd an opciation m which flaps fiom the 
check weie outlined and tinned in thioiigh the latcial incisions on the 
uppei law suiface of the palate anteiioi to the iippei mucosal suiface 
of the velum to incicase the mucosal coveiing of the uppei suiface of 
the jialate This opeiation lengthens the uppei suiface of the palate 
and piobably allows the velum to dio]> down a little 

In 1925, Doiiance-' dcsciibcd an opeiation foi the lengthening of 
a jialatc in which the soft tissue of the haul palate and the laphe of the 
soft palate aie loosened fiom the hoiwontal plates of the palatal bones 
An cncii cling incision was made within the alvcolai maigms and both 
the haul and the soft palates wcic displaced back wauls Again, Liin- 
beig,-^ in 1927, and LvolT,-"’ in 1928 , piesented somewhat similai 
methods In these opciatioiis, even if the flaps of the haul palate did 
ictain then blood supply, it would seem piobablc that the law suiface 

18 Schoeiiborn Ueber cmc ncuc Mctliodc tic Slapliloi Inpbie, Arch f Kbn 
Cliir 19 528, 1876 

19 Scdillot, C, quoted bv Cbi istoplici Heath, in John Ashhurst The Intcr- 
uatioinl Encjclopcdii of Stiigei}, New YoiK, William Wood iS. Company, 1889, 
vol 4, p 911 

20 Roscntlnl, W Pathologic und Thcrapic tlci Gaiimcndefelstc, Fortsebr 
Zalmh 4 1021, 1928 

21 Von Kustcr Den Operation dci comph/ierten TIascnschartc, Zcntralbl f 
Chir 32 713, 1905, Ueber die Operatne BchandlunR’ dcr Ganmcnspaltcn, Arch 
f IJm Chir 4G 215, 1893 

22 Blair, V P Personal communication to the author 

23 Dorrance, Gcor^jc M Lengthening of the Soft Palate in Cleft Palate 
Opcritions, Ann Surg 82 208, 1925 

24 Limbcrg, A Inno\ations m Opcratiic Methods, Zcntrilbl f Chir 5 
1745 1927 

25 L\ofT, P P Operation for Lengthening Palate Vestnih Khir 13 - > 
1928 
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bet\^ een the upper mucosal surface of the a elum and the posterior edge 
of the horizontal plates of the palate hones would simph scar and pull 
the soft palate hack to its former position 

In one ot ni} lecent cases (1929) the upper surface ot the junction 
of the hard and soft palates was rehned w'lth cheek flaps, as m the 
operation of Blau, to obtain length of the upper surface of the palate, 
and the wdiole palate was pushed back, as m Limberg’s operation, to 
obtain length of the lower surface This operation appears logical 

IvEARL\ COMPLETE LOSS OF PALATAL TISSUE (GROUP 3) 

In persons m wdiom onl) remnants of both the hard and the soft 
palates remain after operations m wdiich a slough has occurred, a substi- 
tute for palatal tissue can be built from tubed pedicled flaps from either 
the neck or the arm The paramount question is w hether or not a com- 
plete new' palate built in with inert tissue is of enough functional lalue 
to compensate the patient for his tnals during a tedious operatiie pro- 
cedure 

The brief abstracts of the three cases that follow outline the meth- 
ods b) which such difficult palates can be repaired and gne some eii- 
dence of the difficulties to be oiercome These cases fall m group 3 of 
the classification 

In case 5 the young w'oman had had several preiious operations 
due to which at least one half of the tissue of the hard palate was 
absent and practically all of the tissue of the soft palate had sloughed 
The tissue loss m this case seemed too great to allow a successful repair 
b} the method of a posterior pharjngeal flap alone It was decided to 
use a tubed pedicled flap from the left arm 

Case 5 — A girl, aged 17, was admitted to the Trimti Lutheran Hospital on 
July IS, 1928 On Juh 16, the flap was raised from the arm and tubed On the 
under surface of the upper end ot the flap, which was the part to go into the 
mouth, a full thickness skin graft was applied A full thickness skin graft was 
sewed into the defect on the arm left after the flap was raised A.bout a week 
later the upper end of the flap was detached 

On JuK 28, the flap was sewed m the defect of the palate after shelt flaps 
were turned upward from remnants of the old palate A. flap was also raised 
from the posterior pharrngeal wall and sewed to the upper surface of the distal 
end of the flap that had just been placed in the mouth A. block was wired 
between the teeth to pre^ent her from biting the flap and a cast was applied to 
the head and arm to hold them in proper position Twehe dars later the pedicle 
of the flap was cut across and the cast removed One week later, the proximal 
end of the flap in the mouth was smoothed out and united to the anterior hard 
palate (figs 7 8 9, 10 and 11) 

The girl was intelligent She had led her class in high school but 
because of the defect in speech caused b}' the palate she attempted to get 
along in the world b\ saaing onh “aes” and “no,” smiling and shaking 
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her head Aftei the palate was icpaiied she began to ti}' to talk, and 
although aiticulation was nnpeifect she did show nnpiovement She 
IS now diligently attempting to oveicome hei defect in speech by sclf- 
training 

When this patient’s palate was examined on July 15, 1929, to im 
suipiise it was noted that the new palate contracted and moved The 
tissue in the midline, although incapable of movement itself had eii- 



Fig 7 — The flap one week after it was msec] from tlie arm At the upper 
tncl on the under surface a full thickness skm graft was giown (Tins is not 
visible, however) Beneath the gauze i full thickness skin graft, which is not 
visible because of gauze, vvas sewed into the defect caused bj the removal o 
the flap 

denth been rendered taut b}' the attachment of the lemnants of the 
palatal muscles at the sides so that when the muscles contracted the 
whole soft palate showed mov'ement At this tune her speech was 
leniaikabh improved The posterior tip of the new palate was still 
iltached m the midhne to the posterior pharyngeal wall bins will he 
(let idled at a later date so that the effect on speech c.in he ohserved 


Fig S — The methods of turning the shelt-flaps trom the sides ot the palatal 
tissues and trom the posterior pharsngeal wall The flap from the arm is then 
sewed well back into the mouth and put in contact with the raw surtaces 



Fig 9 (case 5) — The inside ot the mouth alter the operation was finished 
Xotc that the pharMigeal flap is sewed to the tail oi the skin flap trom the arm 
and the ‘ slielt flaps of mucosa ha\e been turned upward aboie the skin flap 
from remnants of tissue at the side ot the palate 
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The patient in case 6 liad had seveial pievious opeiations on the palate 
and practically all of the palate had sloughed Because of the discom- 
foit of an aim cast, I chose to use a flap fiom the neck His alveolai 
iidge was cleft, so I planned to glow the flap to the hp so that the end 



Fig 10 (case 5) — A photograph of the plaster cast and flap as thrown into 
the mouth from the arm 



Fig ] ] (case 5) — Appearance of patient a few months after operation 


beneath the chin could be detached and passed through the cleft Thus 
the discomfort of a mechanism to keep his mouth open ^^ouIcI not he 
necessar} 
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C\SE 6— \ bo\, ngcd 2 \cars wis ndnnttecl to Bell Memorial Hospital on 
No\ 15, 1928 \ flap was raised from the neck and wall ot the upper part of 
the chest with its base beneath the chin Twehe da^s later the distal end of 
the flap was turned upward and attached beneath the upper lip Thus a “jump 
flap was made ot it \bout this time the patient dea eloped influenza and ran 
a fe\er for about a week It was suggested to his mother that she take him 
home at this time Howeaer, as she aaas somewhat sensitiae about his appear- 
ance, he aaas kept at the hospital He should haae gone home at this time for 
a long rest and complete recoaera On Feb 8 1929 the “jump flap” with its 
pedicle beneath the upper lip was turned into the mouth through the cleft alaeolar 
ridge The flap grew perfectia, but considerable trouble was experienced in 
getting the child to eat He had practicalla a normal temperature after the first 
two or three daas following the operation Laboratora observations aaere nega- 
tiae except for a hemoglobin of 50 per cent A. transtusion aaas giaen, after 



Fig 12 (case 6) — Appearance of patient alter the flap had been raised irom 
the neck 

aahich he began to eat a little and sit up in bed On the evening ot Februara 20, 
taa ela e daa s alter operation, the nurse took him in her arms and gaa e him a 
feeding, after aahich she left the aaard She returned in about filteen minutes 
and he aaas dead Xo autopsa could be obtained 

The exact cause of the boa ’s death remains uncertain, but a lesson 
should be learned He should haa e been gia en taa o or three months’ rest 
to improt'^e his condition before the flap aaas placed m the mouth 
Perhaps it might haae been better judgment to haae postponed the 
operation until the child aaas several aears older (figs 12, 13 and 14) 
The patient m case 7 aaas 21 and had undergone several operations on 
the palate in baba hood after aahich the hard and soft palates had sloughed 
ahnost completel) 



Fig 13 (case 6) — drawing of the flap after it had been attached beneath 
the upper hp and its raw' surface had been grafted by the Thieisch graft 
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C 7 — On lunc 17 1929 in 1 rinit\ Luthtmi Hobpital a flap uas raised 
Iroin the ktt arm and tubed On Tiih 2, the flap was placed in the mouth in a 
manner similar to that used m ea-e 5 On the second niqlit alter operation a 
tracheotonn was done because ot Iar\u£;cal edema 

For a tew daes tollowmcr the traeheotom\ he liad a temperature oi 103 5 F 
which gradualle subsided \tter two weeks the flap was cut ne\t to the arm 





Fig 15 (case 7) — Appearance of patient alter the flap had been sewed into 
the mouth The patient s mouth is held open b\ a triangular edge of w ood w hich 
Is wired between the teeth 



Fig 16 (case 7) — As much of the new palate as could be shown b\ a photo 
graph, two months after operation 


and the plaster fixation was remoaed Two da^s alter this he was sent home 
tor two weeks After tins time he reentered the hospital to ha\e llie anterior 
end 01 the flap smoothed out and attached w ithin the ah eolor cur\ e He leit 
the hospital fi\e da\s later (figs is and Ifil 
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It IS possible that a tiacheotomy should be a part of this operation, 
unless an experienced nurse is in constant attendance If a tracheotomy 
is not made at the time of the original operation, the instruments neces- 
sary to do a tracheotomy should be kept at the bedside for the first few 
days At the piesent time (Sept 20, 1929) this patient is at work and 
his speech is nearly normal The nasal tone has disappeared from his 
speech The posterior part of his palate moves slightly when he swallows 
or speaks The flap is still attached to the posterior pharyngeal wall m 
the midline 

PREVIOUS USE or PEDICLED SKIN FLAP 

The idea of the repair of a palatal defect by a flap from elsewhere 
than inside the mouth is rather ancient It was first unsuccessfully 
attempted by Blasius by the use of a flap from the neck Thiersch, 
in 1867, and Rotter,^® in 1869, used the principle successfully Later the 
method was successfully used by von Eiselberg -® and Blair 

SUMMARY 

By the use of a pedicled flap from the posterior pharyngeal wall a 
method is presented which will lengthen somewhat the short velum with- 
out narrowing the nasopharynx or oropharynx sufficiently to interfere 
with the function of breathing or swallowing The lengthening of the 
velum and the narrowing of the oropharynx obtained have improved 
speech and aided particularly in the articulation of the oral consonants in 
the persons so fai observed A pedicled flap from the posterior pharyn- 
geal wall can be used in the successful reconstruction of a diaphragm of 
tissue between the nasopharynx and the oropharynx and is particularly 
applicable to those cases in which a considerable part of the velum has 
sloughed In the past, such persons have usually been advised that 
surgical intervention has nothing to offer The lesults reported 
definitely contradict the truth of such a hopeless verdict The functional 
results in this group (group 2) are particularly satisfactory and hopeful 
It IS possible to use the pedicled flap from outside the mouth to repair 
this type of palate, but the procedure necessitates several operations and is 
far more difficult for both the patient and the surgeon 

26 Blasius, quoted by von Eiselberg, Frederick Zur Technik der Urano- 
plastik, Arch f klin Chir 64 509, 1901 

27 Thiersch, C Verschluss eines Loches un harten Gaumen durch die 
weichtheile der Wange, Arch f d Heilkunde 9 159, 1868 

28 Rotter, Julius Deckung eines Defectes un harten Gaumen mittelst eines 
Sternlappcns, Munchen med Wchnschr 86 535, 1889, Plastische Operation an 
der Mundhohle und in der Nase, Verhandl d deutsch Gesellsch f Chir , 188 

29 Von Eiselberg, F Zur Technik der Uranoplastik, Arch f khn Chir 
64 509, 1901 

30 Blair, V P Operatue Treatment of Difficult Cases of Palate Defects 
After Infnnc\, Surg G^nec Obst 12 289, 1911 
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For the repair ot the palate in which most of the tissues of both the 
hard and the soft palate ha^e sloughed (group 3), a pedicled flap of skin 
and subcutaneous tissue from the arm or neck can be used Obriously 
sufficient tissue to lepair this extensne defect must be obtained elsewhere 
than from inside the mouth Although the tediousness of this procedure 
IS admitted the results in the preceding cases indicate that a diaphragm 
of skin and subcutaneous tissue is better than no palate or an obturator 
and IS distmctl} worth while The moiement ot the new palate obtained 
after transplantation of a flap from the arm (cases 5 and 7) gives proof 
of the abilit}" of the remnants of the palatal muscles w'liich are attached 
at the sides of the new' palate to moA'e the central flap somewhat The 
amount of tlus morement will probably depend on the amount of good 
muscle a^allable for insertion at the sides Thus the principle of the 
application of a pedicled flap from outside the mouth to repair a gross 
loss of palatal tissue places at the surgeon’s command a final method, 
by the use of w'hich, it can be said with truth, a defect of the cleft palate 
does not exist m wdiich surgical mteiw'ention has nothing to offer, pro- 
vided enough tissue remains within the alveolar curve to sen e as a raw' 
base of sufficient w'ldtli to obtain union after the skin flap is sutured in 
place 

615 A.rgjle Building 

ABSTRACT OF DISCUSSION 

Dr Frederick A Figi, Rochester, Minn I belieie that the ingenious 
procedure which Dr Padgett has presented for taking care of some of the diiS- 
cult postoperatwe cleft palates, that is, the use of a flap from the posterior 
pharyngeal wall, is a real contribution This should proie of decided lalue in 
taking care of some of the bad postoperatne cases A.t the Ma\o Clinic, in the 
ordinary run of primarj cases of cleft palate, our routine procedure has been 
the A on Langenbeck operation to which he referred Those patients presenting 
unusually wide defects, whether primary or due to postoperatne loss, are taken 
care of with the two-stage delayed flap operation described br New in 1922 
This consists of ele^atl^g the soft tissues on either side of the defect bi means 
of a long lateral incision just inside the alveolar border The double pedicled 
flap thus formed is crowded toward the midline by means of an iodoform gauze 
pack on either side After from fi\e days to a week the margins oi these flaps 
are pared and sutured In cases presenting still wider defects, an attempt is 
made to close the hard palate only in this manner at the first series of opera- 
tions, the soft palate being closed by a similar two-stage procedure alter several 
months The length of the lateral incisions does not appear to ha\e a direct 
bearing on subsequent palatal function, e\en in those cases in which the incisions 
are extended laterally around the tuberosity and well back into the commissure 
Transforming the tensor palati into a le\ator by breaking off the hamular process 
of the external ptengoid plate, as suggested by Dorance and others, also at 
times assists m securing relaxation without subsequent interierence with function 
Multiple stage operations must of course be attended bi the production of a 
greater amount of scar tissue and therebr increased rlgldlt^ ol the palate How- 
eier, we hare seen no appreciable difference in the function of palates closed m 
this manner in comparison with those in which we hare secured pnmarr union 
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Tins multiple stage operation will permit of closure of mam of the bad post- 
operative cases in which primary closure is entirelj out of the question I belies e 
that this should be tried m preference to the use of a flap from the posterior 
wall if it appears at all advisable, for a closure obtained m this was ssill gise 
an mcomparabls better functioning palate than one into sshich inert tissue has 
ueen introduced Personallj, I cannot become enthusiastic os'er the use of cuta- 
neous flaps for the closure of svide palatal defects, esen though the case ma} be 
hopelessly inoperable othersvise The adsantage of the introduction of this inert 
mass of tissue into the palate appears questionable to me in viess of the difti- 
culties associated ssith the operation and the harards mvolsed m comparison ssith 
tie ease of closing such a defect satisfactorily with an artificial aelum 
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Tlie occurrence ot L\'5ts in the teniale breast is common Some ot 
these c\sts develop apparentl\ ironi distended lactiferous ducts 
(galactocele) The\ are comparatnel\ unimportant and are not 
puzzling from either a morjihologic or a clinical point ot mcw The 
presence ot multiple often small c\sts in the gland tissue proper ot 
the breast is of tar greater importance The interpretation of their 
nature and histogenesis has been studied b\ a great number ot authors 
\et no consensus has been armed at This is demonstrated sufficienth 
b} the large number ot names gnen to this condition The confusing 
nomenclature includes, among others, the following terms pol\c\stic 
breast c^stIC disease pol\c\ stoma h\droc\ stoma crstic epithelioma 
and epithehofibrosis of the breast 

The mam questions that arise m stud\ mg this condition concern 
the histogenesis of the cjsts the nature of their matrix, the character 
ot the epithelial proliteration and its relationship to neoplastic conditions 
and, finalh , the part pla\ ed b} the stroma m the de\ elopment ot the 
process 

A short sur\e\ of the literature will show the dnergence of opinion 
concerning these questions 

REVIEW' OF THE LITER VTL RE 

Astlee , Cooper and Langhans ^ w ere among the first to stude c\ Stic 
disease ot the breast, but the first extensne studies of this subject were 
those ot Reclus= (1865-1888) who described the disease as “maladie 
c\stique des mamelles ” His examinations were so important par- 
ticular!} trom a clinical point of new, that later writers referred to 
this disease as “maladie de Reclus His description and that ot all 

the later authors agree m one point that there is an abundance of 

connectne tissue m the breast with h^allnIzatlon ot the fibers and a 
^ar}lng amount of spindle and round cells m between ith the 

* Submitted for publication Sept 10, 1929 
From the Department of Laboratories L'nited Israel Zion Hospital 

1 Langhans Virchow s Arch f path Anat 58 137 lS7o 

2 Reclus Re\ de chir 1865 p 761 Clin chir de la Pitie 1883 Gaz d 

hop 1887 no S3 Rea de chir 1888 p 248 
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increase of this fibrosis, the lobules become more and more separated 
and the glandular parenchjana more and more scattered Compression 
of the epithelial elements by the fibrous tissue is often predominant, 
the compressed glandular acini aie often cut oft from then lactiferous 
duct (Hertz, Ingiei,^ Langhans, Samelson) 

While the importance of fibrosis is universally accepted, its patho- 
genesis has been attributed to various causes The first author who 
suggested its development from an inflammatory process was Konig'* 
( 1880 ), who referred to the condition as “mastitis chronica cystica” 
In France, Trellat and Tiillaux® brought forth a similar conception, 
while Phocas and Quenu ® compared the mammary lesion with the 
cirrhosis of the liver or the kidneys which tfiey also believed to be of 
inflammatory origin They coined the name “ciirhose epitheliale 
mammaire ” 

Those who advocated the inflammatory theory lehed on the presence 
of round cell infiltration, the cellularity of the connective tissue in the 
earlier stages and occasionally on the abundant presence of leukocytes 
The changes of the epithelial tissue elements were considered merely 
as secondary to the inflammatory process and were compared to similar 
lesions in other glandular organs subjected to chronic inflammation 
(Haeckel, Maly, Glannan,’’ Rohloft,® Lichtenhahn Other authors 
who believed in the inflammatory conception, such as Borst, Cornil 
and Delbet,^^ stressed the diffuse nature and the frequently bilateral 
occurrence of the condition, its occasional combination with adenomatous 
growth and the early participation of the epithelium in the proliferation 

Even those authors who believed in the inflammatory character of 
the disease and held that the process starts primarily in the connective 
tissue had to admit the striking character of the epithelial changes The 
development of multiple and often large cysts with metaplasia and finally 
stratification of the epithelium and of actn’^e proliferation with abundant 
mitoses was so suggestive that many investigators felt inclined to class 
these changes with neoplastic processes 

While Reclus, Langhans and others explained the cj^sts by mechan- 
ical distention of the acini, Brissaud assumed that active proliferation 
of the epithelium was the cause of cyst formation and classified the 

3 Ingier Virchows Arch f path Anat 198 338, 1909 

4 Konig Zentralbl f Chir, 1893, vol 3 

5 Trellat and Tnllaux Re\ dc chir, 1888 

6 Phocas and Quenu Rev' de dnr, 1888 

7 Glannan South iM J 2 806, 1909 

S Rohloff Deutsche Ztachr f Chir 54 106, 1900 

9 Lichtenhahn Deutsche Ztschr f Chir 90 507, 1907 

10 Cornil Tumeurs du sein, Pans, 1908 

11 Delbct Traite de chirurgie dc 1 t Dentu et Dclbet, 1809 \ol 7 
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disease as a neoplasm (‘ epithehomc c\stiquc mtra-acineux ) Sicre 
shared his opinion and \\as the first to emphasize that, although c}stic 
disease of the breast is a benign tumor it is notewortlu tor its potential- 
it} to malignant degeneration The neoplastic conception iias stressed 
particularh b^ Schimmelbusch who claimed that the essence of the 
process was the proliferation ot the epithelium which fills up the acim 
and is followed b\ disintegration in the center, thus forming C}sts 
Production ot connectne tissue between the lobules ot the breast gland 
is onl\ secondari, and ot no real importance The condition based on 
actne epithelial proliferation and characterized b) formation of C3sts 
would justif} the name of exstadenoma ot the breast A large number 
of later im estigators accepted Schimmelbusch s point ot xiew 
(Keibel,^^ Saar,"= Tietze,^® Goens,^' Hahn,^® Siherra) ilost of these 
authors stressed the mtensitx ot the epithelial proliferation which often 
goes be}ond simple hxperplastic or exen adenomatous conditions and 
xxould justif} the assumption that thex alreadx belong to precancerous 
changes 

An intermediarx position xxas taken bx Askanazx,^’’ who emphasized 
the importance of the fibrosis and held that the connectixe tissue also 
partiapates m the process of proliferation He recommended the name 
"epitheliofibrosis c) stica ” Other authors, such as Sasse suggested t le 
possibility that both neoplastic and inflammatorx changes concur in t e 
dex^elopment of the cxstic disease 

To summarize briefly those who behexe that the disease is of 
inflammatory origin base their contention on the tollowmg arguments 
the presence of round cell infiltration leukocytes and plasma ce s 
cellularity of the connectixe tissue in the earlx stages, desquamation 
of the epithelium and diffuse and ex en bilateral distribution o t le 
changes As cause of the inflammation, they accept either actena 

infection or some unknoxxn irritation 

Those who fax or the neoplastic origin stress the importance of the 
epithelial proliferation with its tendency to metaplasia and finally to 
malignant degeneration Thex consider the changes of the stroma 
secondary" and unimportant 

12 Sicre De la maladie cistique de la mamelle These de Pans 18S0 

13 Schimmelbusch A.rch i him Chir 44 117 1S9_ 

14 ICeibel Berl him Wchnschr 1904 p SOS 

15 Saar Arch f him Chir 84 223 1907 __ 

16 Tietze Deutsche Ztschr f Chir 56 512 1900 75 11/ 1904 

17 Goens Contribution a I’etude de la glande mammaire senile et e se= 
etats precancereux These de Gene\e 1919 no SSI 

IS Hahn Virchows A.rch i path -ymt 262 a31 1926 

19 Ashanazi Schweiz med Wclm<=chr 55 1017 1925 Beitr z path \nat 
u z allg Path 1923 \ol 7i 
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In opposition to both theones, a third conception has been bi ought 
forth by a laige gioup of other investigators Alread} Baid and 
Lemoine believed that a congenital weakness of the tiibulai stiuctuies 
accounted foi their distention by a slightly inci eased inti aglandular 
piessure They called the condition “essential cystic disease of the 
bi east ” The developmental theor}' was more sei loiisly substantiated 
by the extensive contributions of Krompecher,-’^ who emphasized the 
similaiity of certain cells, quite common in the lesions m the bieast, 
to those of the axillai} sweat glands He also claimed that these sweat 
glands and the breast gland jDropei aie of similar origin in the embiyo, 
\\hile they develop into two diffeient types of glands latei He claimed 
that groups of glands of the sweat gland type may develop eiioneously 
within the bieast tissue and are lesponsible for the foimation of the 
c}sts with those peculiai “pale cells” Krompechei distinguished two 
stages of the disease the hist with prepondeiant connectne tissue 
formation and comparatively few small cysts (fibiosis h^dloc3^stIca), 
the second characteiized by a laige number of moie extensne c)stb 
which obscme the development of fibiosis m the stioma (pohc)^stoma 
hydrocysticum) Krompechei s views are shared m man}^ lespects by 
Aschoffs- who prefen ed, howevci, the name of mastopathia cystica 
and claimed that iriitations, due to ph^'siologic stress but also to 
pathologic factois, aie lesponsible foi this condition 

Cystic disease of the bieast has been compaied also to the hj'peiplasia 
of the prostate in senile persons (Bloodgood . but this comparison 
does not solve the pioblem and does not seem to be a luck) one as the 
cystic disease of the breast occurs at a much eailiei peiiod of life The 
conception, however, that a piocess of involution might be lesponsible for 
the epithelial changes as well as foi the fibrosis seems quite suggestive 
(Speese and Konjetzny*^) That involution might be influenced by 
the lack of hoimonic stimulation oi by some othei endociine d\sf unction 
IS actually conceivable, but could not be substantiated (Piibram"' 
Moskouitz,"' Dietrich and Kuckens ■') 

20 Bald and Lemoine Arch de med , 1890 

21 Krompecher Beitr / path Amt u z allg Path 62 403, 1916, Virchows 
‘\rch f path Anat 250 495, 1924 

22 Aschoff Lrgebn d allg Path u path Anat 2 515, 1897 

23 Bloodgood J C Ann Surg 79 172, 1924, Pathologj of Chronic Cjstic 
Mastitis of Female Breast, Arch Surg 3 445 (No\ ) 1921, Bull Jolins Hopkins 
! losp , April 1921 , Diagnosis of Farlj Breast Tumors, J A M ^ 81 8/5 
(Sept 15) 1923 

24 Konjetzin ZentraibI f Chir 50 1760, 1922, .Med Klin 16 180 1921 

25 Pribram Deutsche mod M'^chnschr 45 107a, 1919 

26 Moskowitz Munchen med \\ chnschr 74 874, 1927, Arch f khn 
Cliir 144 138, 1927 

27 Kuckens Beitr / path Anat u z allg Pith 80 40, 1928 
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-V large number ol othei authors like Bertels-^ IMintz Tod 30 ,^® 
Lukow bkA ^laidnnd, - Lexer and Theile stressed the point that the 
C} Stic disease is neitlier inflaininatore nor neoplastic and starts essentiall} 
as a Inperplastic condition ot the connectne tissue uitli secondar\, 
inostl}' mechanical mteiterence uithm the glandular elements Strangu- 
lation ot the acini and ducts accounts for the ohstruction ot the ordmarc 
discharge retention and c\st foimation Suhsequeiit irritation Melds 
inflammatorc changes and hcperjihstic proliferation ot the epithelium 

Other authors particularh Judd, " Rodman,"’ Castle, Custone, 
Porter Glannan and Hart uere moie conser\ati\e m their statements 
and retrained trom offering an\ definite conclusion as to the pathogenesis 
ot the disease, cet the\ all emphasized the tendence ot this condition 
lo deielop into a malignant process 

SLMM\R\ Ol \LTHOUS C^SES 

From the stud\ of our own cases and m summarizing the obserca- 
tions, we could construct the tollowing picture Constant teatures ot 
the disease are fibrosis of the breast gland and cistic dilatation ot some 
of the glandular structures Other changes are less constant, and their 
presence or absence seems to he dependent on the state ot deielopment 
in which the diseased breast was reinoced and examined histologicall} 
It seems to us that the earh stages of the condition are characterized 
by regressne changes ot the breast gland which consist of atrophe, on 
the one hand, and lacuohzation and occasional desquamation on the 
other Proliferation of the stroma in between the epithelial structures 
IS quite common, but not at all constant (cases 100 180, 460 1066 
5266 and 5550 ) 

The second stage in the de^v elopment ot the condition seems to be 
represented b) active proliferation of the epithelial cells The proliferat- 
ing cells are larger and conspicuous for a more intenseh staining 
citoplasin The staining is decided!) basophilic This proliteration 
may set in in glandular units w Inch w ere not distended prei loush 
during the regressn e stage , this ) lelds almost solid epithelial nests or 

28 Bertels Deutsche Ztschr f Chir 124 9 1913 

29 !Mmtz Berl klin Wchnschr 1899, p 1029 

30 Tod\o Arch f klin Chir 104 440 1914 

31 Luko\\sk\ Deutsche Ztschr f Chir 157 81 1921 

32 Marchand Munchen med chnschr , 1916, p 396 

33 Judd J ^Iichigan M Soc 13 11 1914 

34 Rodman Diseases of the Breast with Special Reference to Cancer Phila- 
delphia P Blakiston s Son &. Compain 1921 

35 Porter Surg G%nec Obst 1 400, 1905 31 584, 1920 

36 Hart Der\l Intrac^stIC Papillomatosis Tumors ot the Breast Benign 
and ^lahginnt ■\rch Surg 14 793 ( April) 1927 
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aheoh It occurs, hoA\e\er, just as trequenth in prcMousl) distended 
tubules, but does not necessarih develop all oier their circumference 
In such cases one side of the small c}st is lined vith flat epithelium, 
vhereas the rest shovs multiple lasers of larger cells vith basophilic 
staining The regressne changes, of course, do not subside vith the 
onset of proliferation, and combination ot the tvo is common (cases 
354, 460, 468, 500, 606, 671, 700, 1000 1041, 1066, 1278, 5221 and 
12,976) 

Further de\elopment of the lesion progresses on two mam lines one 
of which IS the formation of larger crsts, whereas the impression of the 



Fi" 3 — De\elopment of eosinophil epithelium from ordl^a^^ epithelium in 
pipilHn ci stadenoma 


other IS more that of a h\ perplastic process ot the glandular parencluma 
In tlie laigcr c\sts and occasionalh also m the smaller ones we are 
impressed In the appearance of large epithelial cells with eosinophil 
citoplasni These cells ustialh form a single later in contradistinction 
to the other ctsts in which at least two haters can be distinguished 
These cells ^re usuallt quite regular cuboidal or of high columnar 
shaiie \ctite piolileration of these cells is exjiressed bt real papilli 
01 inoie frequenth bt pseudopapilli without ant tascular or conncctne 
tissue support (cases 53 460 500 1328 5221 and 5266) These 
eosinophil or pale cells thet are oitcn referred to are oi a lairlt 

homogenous structure more frequenth howeter it is readilt tistnli7ed 
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that the eosinophil substance foims intiacellulaily into small granules 
01 lumps which coalesce latei Pait of this hyaline substance 
IS frequently expelled fiom the cell and found in the lumen 
as globular hyaline material (cases 215, 606, 1066, 1200, 1278, 5266 
and 5550) It is quite common to see cysts of various size with 
comparatively low lining epithelium which, howevei, reveals digit-like 
expansions towaid the lumen These cells already show the onset of 
intracellulai hyahnization, particularly in their expansions, which bieak 
off readily Hyaline globules found m cysts without typical eosinophil 
epithelium develop from such cells as weie fiist desciibed 



Fig 4 — Large cyst lined partlj’^ with eosinopliil cells and partlj' with ordinary 
low cuboidal epithelium 


It is fairly easy to demonstrate a constant line of development from 
the ordinary lining cell of the C 3 'sts over the small cell with digit-hke 
expansion to the fullfledged eosinophil cell It can be demonstrated 
also that in one and the same cj'^st pait of the lining cells aie of the 
eosinophil type, whereas the rest consist of ordinary or extremely 
flattened epithelium Moreover, one can dcmonstiate lobules of breast 
gland tissue in which part of the lobule preserves its ordinary structure, 
vhile the rest show some simple cysts and others eosinophil cells Solid 
nests consisting of eosinophils are occasionally encountered m such 


lobules 


Proliferation in the diseased bieast gland tissue reaches a lemarK- 
able degree in the advanced stages of the condition Tlie result is the 
formation of solid aheoh or more often of small c}sts with multi- 




Fig 5 — ilultiple c\sts, some with eosinophil, others with ordinar\, epithelium 
•or intermediar% cells Numerous papilli m the eosinophil c\sts 



1 m 6 — Septum between two ad acent c\st'. with eo-mophil lining Spindle 
shaped cells at the base ot the epithelium eiiclo'e captllan 'pace- winch con'ain 
red blood Cell- 
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layeied epithelium from which peculiar tiabeculae spiead across the 
lumen and form a delicate network, until finally the open spaces between 
these piohferatmg cells disajDpeai completely (cases 53, 354, 500, 570, 
606, 1000, 5221, 5266 and 12,976) Distended C3'sts with flat, apparently 
not prohfeiatmg, epithelium, papillaiy cysts, or cysts with trabeculation 
in then lumen and Anally solid alveoli often occur together within the 
area occupied pieviously by a single bieast gland lobule Of course, 
m this stage of piohferation the epithelial giowth is not always confined 
to its oiiginal area, and coalescence of seveial adjacent lobules occasion- 



Fig 7 — Multiple cjsts, lijperplasia of the epithelium ivith trabeculation 

ally pioduces quite extensne masses with little stioma in between Tlie 
amount of stroma is i educed fuithei by coalescence of adjacent cysts 
This happens, as it does in maii}'^ other oigans, if the septum between 
two contiguous cysts is thinned out until it breaks through, whereby 
the t\to c}sts unite Remnants of the formci septum pioject into the 
lumen of the c} st as small spurs 

Extensive hyperplastic vegetation of the cystic bieast gland is not 
al\\a\s easih distinguished from a neoplastic condition, and a satis- 
factor} classification of the lesion is altogether impossible It is more 
a matter of taste, nhcther one calls the lesion a papillar\ cystadenoina 
or c\stic h\perplasia Remnants of fat tissue oi atrophic islands o 
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breast ghnd embedded m h\almc fibrous tissue lu between the papillar} 
c\stic structures are sugge^^tne ot a h\perplastie condition rather than 
ot an adenomatous neoplastic process 

111 some ot our cases well circumscribed and morphologicalh well 
characteri7ed benign neoplasms were present (cases 606, 1000 1066, 
5266, 1750, 1S57 and 1932) In two cases the neoplasms were pure 
adenomas, while m the others, the\ belonged phiiily m the group of 
ordinan fibro-adeiioma It is impossible to decide whether the origin 
of these neophsms had am thing to do with the cistic disease of the 



Fig 8 — Hiperplastic breast gland with proliferating epithelium 


breast gland , the presence of the tumors maj" hat e been merely 
incidental 

Mammar} carcinoma was more frequent m our material (cases S3, 
354, 500, 570, 741, 1908, 4000, 5273, 5550, 7010, 11,010 and 12 976, and 
the character of the changes obserted seems to point to a certain rela- 
tionship between the htperplastic processes m the breast gland and 
the later det elopment of carcinoma In some of the cases the carcinoma 
was fairly cellular and aheolar in structure, }et the formation of cjsts 
within the carcinomatous aheoli was quite conspicuous The carcino- 
matous nature of these tumors was unquestionable, m new of their 
infiltrative growfih and the morphologic appearance ot the cells Still 
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theie weie areas in which the anaplasia of the tumoi cells was not 
so distinct and in which the resemblance to the h3'perplastic forms ot 
the cystic bieast gland appealed particulaily sti iking In the midst of 
the cancer tissue wei e cysts lined with flat epithelium or with flat epithe- 
lium on one side and solid gioups of tumor cells on the other Trans- 
itions between the two cell types weie common They and the general 
structuie of the tissue excluded the possibility that we weie dealing 
with an invasion of the pieexisting cysts by cancer cells Other aieas 
of the same bieast showed changes ^\hlch were certainly not neoplastic 



Fig 9 — Solid epithelial structure with seveial small lumma 


and were classified with those commonly observed in cystic breasts 
Hypeiplasia in this definitely not neoplastic condition varies greatly as 
to its intensity and forms a continuous chain until it assumes the chai- 
acter of an infiltrating malignant growth There seems to be conclu- 
sive eMdence that the carcinoma develops from multiple centers within 
the breast, with gradual transition between the hyperplastic and the 
carcinomatous foci We are left in doubt occasionally whether the 
process should be considered already as carcinomatous or still as hyper- 
plastic We classifj^ these changes, therefore, as precancerous It is 
noteworthy that carcinoma developing in a hyperplastic cystic breast is 
prone to imitate the structure of its matrix, and the cells of the car- 
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cinoma dilteientiatc occasioiialK \\ell enough to simulate those ot the 
Inperphstic breast gland 

The importance of the relationship beh\een carcinoma and the cjstic 
changes a\as emphasized in our mateiial in sc\cral cases ( 462 , 1121 , 1406 
and 5221 ) m \\hich ^\e could not demonstrate real mfiltratne gro^^ths, 
aet the morphologic appearance of the Inperplastic epithelium Mas 
alread} suggestne of carcinomatous tissue We considered these as 
precancerous changes As a matter ot fact the} Mere identical Mith 
changes that are readih obser\ed m the Mcinit\ of frank carcinomatous 



Fig 10 — IMeduIlan carcinoma of the breast resembling epithelial proliteration 
in Cl Stic cirrhosis 


foci ^^'hetl^er these precancerous changes Mere about to develop realh 
invasne tendencies remains to be prored, altliough it seems highh 
probable 

One of the most contested questions is the importance and frequenc} 
of fibrosis m a breast Mith c}Stic changes Extensne fibrosis Mas 
present in thirt}-tM"o of our OMn cases, wlnle m four fibrosis Mas but 
part of a chronic productn e and suppuratir e process Fibrosis m as of 
less extent and prevalence m the other cases These figures shoM that 
the coincidence of real mflammatorj'^ changes Mith C3"stic disease 
of the breast is rare, Mhich makes tlieir role m the pathogenesis of the 
disease at least questionable Fibrosis, on the other hand Mithout e\i- 
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clence of inflammatoiy changes is so common and is present m so manj 
cases to such an extent that a pathogenic connection between fibrosis 
and cystic disease seems to be logical 

Fibiosis of noninflammatoiy oiigin could be the lesult of senile 
atroph> But the age of oui patients does not justify the assumption 
ot senile involution As a matter of fact, fibiosis of the bieast in com- 
paiatively young women has been obseived by us as well as by others 
This would 1 ule out senile involution and would leave only one explana- 
tioii, that IS, deielopment of fibiosis on the basis of legiessive changes 
of the breast gland with substitution of the decaying pai enchyina by con- 
nective tissue This conception is boi ne out by morphologic evidence as 
well as by physiologic consideiations Regressive changes of the bieast 
gland ueie easily demonstiable in many of our cases The)'' include 
vacuolization due to intiacellulai hydiops oi deposit of fat, and foiina- 
tion of hyalin in the cytoplasm with discharge of hyaline droplets 
into the lumen They may lesult in the breaking up of the impaiied 
cells Dilatation of the glandulai structuies on account of retention 
brings piessine to beat on the lining cells which assume subsequently a 
moie flat shape, so much so, that they lesemble endothelial cells 

Breast glands presenting such legiessive changes with oi without 
cystic dilatation are usually suiiounded b) loose connective tissue which 
invades the lobules and tiies to sepaiate the individual glands The 
glands aie less and less numerous in the advanced stage until most of 
the lobule is substituted by connective tissue Yet the outlines of the 
lobule aie still maintained and maiked by a ring of dense hyaline con- 
nective tissue fibrils Sometimes part of the lobule is fibrosed and 
contains but a few discrete glands, while other pai ts of the same lobule 
aie practically unaltered oi show only incipient degeneratn'e changes 

Regressive changes of the breast gland are physiologic, particulaily 
aftei piegnancy, as involution succeeds the massive hyperplasia of 
gestation Similar changes, although much less conspicuous, aie 
observed during the course of menstruation (Loeb,^' Rosenburg ‘'®) 

It is true that the authois aie not m accoid about the extent and the 
importance of the menstiual changes of the bieast gland Yet clinical 
evidence alreadj' shows that the bi east gland pai ticipates m the physio- 
logic changes of the menstiual cycle On the other hand, it seems that 
the extent of these changes vaiies individually 

The morphologic changes of the breast gland which haic been 
desciibed as occuinng during mensti nation are quite comparable to 
those observed m fibiosis of the bieast gland The similarity is enhanced 
hr the fact that Inperplastic piocesses alternate with the regressive 

37 Loeb and Hosscibcrg J Exper Med 25 285, 1917 

38 Ro‘:enb«rg Frankfurt Ztschr f Path 37 466 1922 
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changes Ihe onh hut apparenth essential diftcrcnce is the formation 
ot interglandular conncctue tissue Avitli subsequent Inahniration The 
onset of regeneration ^\Ith epithelial h}perplasia is ob\iousl\ interfered 
\Mth b\ the presence of massne connectne tissue lormed between the 
glands Qstic dilatation is most probabU also closeh connected with 
the interstitial process as mechanical dilatation (retraction ot shrink- 
ing In aline hbrils) pla\s a role m addition to that pla\ed b\ retention ot 
glandular discharge 

It is illuminating to compare the obser\ations just described, char- 
acteristic of mammar\ fibrosis with similar changes m other glandular 



Fig 11 — Adenocarcinoma of the breast simulating the glandular structure; 
of c\stic cirrhosis 


organs such as the Iner Liter cells degenerate and disappear tre- 
quentl} under ph}siologic conditions The) are easil) replaced b) 
proliferation of adjacent cells, or b\ new formation of liter cells at a 
distance with readjustment of the architecture It the disappearing 
In er cells are not replaced bt their ott n kind, either ott mg to lack of 
legeneratite power or to the excessite tolume of the defect, connectite 
tissue takes up the space of the lost parench)ma Htperplasia of the 
peripoital connectite tissue is concomitant Interstitial fibrosis is often 
followed bt more or less substantial h)perplasia of the persisting liter 
parenchtma which mat terminate in the formation of nodules prac- 
ticalh identical with liter cell adenoma 
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These changes, if fully developed, constitute the histologic iJictuic 
of cinhosis of the livei and justify the following definition of the con- 
dition legiessive changes of hvei cells, substitution of the lost paien- 
chyma by scai tissue and secondaiv hjqierplasia of the peisisting 
epithelial elements (Ki et?) The analogy between the changes constituting 
cinhosis of the hvei and those chaiacteiistic of the cystic disease of 
the bieast is sti iking This analogy goes even faithei and applies 
also'to the lelationship of both conditions to neoplastic piocesses The 
lelationship of nodulai hyperplasia and adenoma occuiiing in cinhosis 
of the hvei to hvei cell caicinoma has been dealt with extensively befoie 
by one of us It is geneially accepted now that hvei cell cai- 
emoma develops in the ovei whelming majoiity of cases fiom pievious 
hypeiplasia which had developed in the coiiise of cinhosis When the 
histogenesis of ciirhosis of the Iivei is compaied with nodular hypei- 
plasia and its occasional transformation into hvei cell caicmoma, on the 
one hand, with fibrosis of the bieast, cystic hypeiplasia and finally the 
development of adenocaicinoma on the other, the almost paiallel 
behavior of the two different tissues is striking It seems, theiefoie, 
that the teim “cystic cinhosis of the breast” appi opriately describes the 
leal natuie of the piocess and emphasizes that its histogenesis is analo- 
gous to similai conditions in othei oigans The only difference between 
ciirhosis m the liver and that in the breast is the cystic charactei of 
the lesion in the lattei This, however, is undei stood without difificulty 
by companng the two diffeient matiices, the acinous glands of the bieast 
and the solid trabeculae of the hvei parenchyma 

What we piopose to call cystic cinhosis of the bieast has been given 
so many names alieady by othei authois that a new name seems super- 
fluous Yet most of these names aie misleading, being based on erione- 
ous assumptions oi mismteipretations, others do not imply the essential 
charactei istics of the condition Polycystoma, foi instance, suggests 
a neoplastic condition, h3^diocystoma and its vaiious modifications, as 
suggested by Krompechei, are based on the assumption that the lesion 
develops from aberrant sweat glands, cj'stic disease of the bieast is 
noncommittal and theiefoie is a name of little value 

Among the vaiied features of cystic cinhosis, the appeal ance of 
eosinophil cells has been most puz/hng Ihcse cells aie also spoken 
of as “pale cells,” probably because when ran Gieson’s method is used, 
the) stain a faint yellow "J he fully developed pale cell icseinbles the 
sweat glands of the epithelium Yet these cells arc laige and assume 
peculiar staining propel ties on account of accumulation of some piob- 
abl\ albuminous mattei in then citoplasm which i\e mterpieted as the 

3‘t Gold/itlicr \ \’’ircho\\s Arch f patli Aint 203 7x J9I1 
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expression of a metabolic disturbance llie earh “itage ot these changes 
IS rcadil% demonstrable m some of the glands ot otherwise unchanged 
breast tis'^ue 1 he “lame is obseixed occasionalK m fibio-adcnoma of 
the breast We eould show also transitions between eosinophil and 
ordinar} epithelium in c\sts that weic lined parth with fiillv de\ eloped 
eosinophil cells and paith with ordinal \ or flat epithelium Krompecher 
tried to substantiate the sweat gland nature of the eosinophil epithelium 
hr calling attention to the piesence of a la\er ot spindle-shaped cells 
w'hich suriounds the eosinophil c\sts He mtei preted these cells as 
smooth muscle elements He identified them with the muscle cells which 
are an intrinsic part of the sweat gland stiucture Howeier, their inter- 
pretation as muscle cells is not coinincing Moreo\er, we were able to 
show that some ot these cells line capillarj spaces which run parallel to 
the wall of the c\st Some of these capillaries contain red blood cells, 
while others ate empt} and seem to be onlj Ijmph spaces Thus it is 
fair to classit} these cells with endothelium and to reject Krompechet’s 
de\ elopmental theorr which is based on the mere morphologic resem- 
blance ot the pale cells and spindle cells to the constituents of sweat 
glands The striking resemblance between these pathologic elements ot 
the diseased breast and those of the sweat glands is elucidated b} 
referring once more to the analog} betw'een cs stic cirrhosis of the breast 
and cirrhosis ot the Iner Lner cells, after haring undergone regres- 
sir e changes are prone to assume the appearance of bile duct epithelium 
W^hole trabeculae of lner cells are transformed occasionally into struc- 
tures that simulate small bile ducts This process has been interpreted 
as a rerersion of the liver cells by loss of difterentiation to a more 
primitne cell trpe Such pseudobile ducts are prone again to develop 
progressive changes, and ther participate in the formation of both new 
liver tissue and tubular adenomatous structures 

The occurrence of similar metaplastic changes m the breast gland 
is w'ell conceivable The breast gland cell ma} also lose its difteien- 
tiation and re^ ert thereb} to a more primitive type wduch is the common 
matrix of both breast and sweat gland cells If difterentiation sets in 
again, the newdy produced tissue may easil} assume the sweat gland 
t}pe Similar indirect metaplasia is known to occur m other glandular 
organs or on mucous membranes The assumption of indirect meta- 
plasia seems to us a much more likely explanation of the sweat gland- 
like structures m the breast than the h}pothetic misplacement or 
malformation of sweat glands Yet we also believe that it is not neces- 
sar} to fall back on the assumption of indirect metaplasia, as metabolic 
disturbances ot the breast gland cells account for changes that are 
morphologicall} identical 
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COXCLUSIONS 

1 Foity-seven cases in which hi east glands weie removed surgically 
weie studied 

2 Tlie develoi^ment of cysts in the breast was presented as a primary 
degeneiative lesion associated with perilobulai and intralobular fibrosis 
and completed by hyperplastic changes of the epithelium 

3 “Cystic ciiihosis of the bieast” is suggested as a more adequate 
lei minology 

4 The development of eosinophil epithelium is interpreted as a 
metabolic disturbance of the breast gland cells, which thereby simulate 
the appearance of sweat gland epithelium The piocess is suggestive 
of indirect metaplasia and does not wan ant the assumption of develop- 
mental eiiors 

5 Hypei plastic changes of the epithelium fiequently assume the 
chaiactei of piecanceious lesions 

6 The fiequent coincidence of cystic cirrhosis, piecancerous changes 
and carcinoma emphasizes the impoitance of cystic cirrhosis in the patho- 
genesis of caicinoma of the bieast 

7 The histogenesis of c)'’stic cirrhosis of the breast is analogous to 
ciirhosis of the liver The analogv is enhanced by the frequenc}’’ with 
which adenomatous and carcinomatous neoplasia develops from the 
oiiginally hyperplastic condition 



C\RCl\OMV or THE L-\RGi: BOWEL XOl 
IXCLUDEXG n-IE RECILWI \XD 
niE RECIOSIG.MOID 

CHOICL 01 0PLR\TI\r I’ROCI nt Rr * 

LEO P BELL. MD 

WOOD! \Nn, C\IU 

Opeiation lor radical cure of carcinoma of the large bowel is a 
hararclous jirocedurc Ihe carh mortality was high but has been 
lowered slowh In the de\tlopmcnt of the stage operations as well as 
b\ proper pieoperatne preparation and postoperatne care Eurther 
decrease in opeiatnc inortaht\ and increase in postoperatne longe\it\ 
can be accomplished b} standardization ol operatne procedures This 
can be accomplished onh when the tactors relatne to death following 
operation and to the recurrence ot carcinoma are general!} known 
The tactors aar\ with the locations of the lesions in the large bowel 

GENERAL CIIAR\CTERISTICS 

Incidence — It is interesting to note the incidence ot carcinoma ot 
the large bowel compared to that ot other parts of the bod} B} sta- 
tistics this is show n to be increasing In a series of nearh 70 000 
autopsies, Nothnagel, Azerman, jMuehler and J\lad\l found 5,796 deaths 
from carcinoma One fourth of the cancers causing death w ere located 
in the intestinal canal 35 were in the cecum , 83 in the signaoid , 131 in 
other parts of the colon, and 262 in the rectum The colon is the site 
of more cancers than any other portion of the alimentar} tract, with 
the exception of the stomach 

The frequenc} of occurrence of carcinoma in the seieral portions 
of the colon is showm bi Judd in a report of 333 cases In a report of 
333 cancers of the colon, he gi\es the location as follows cecum and 
ascending colon, 159 (47 4 per cent) , hepatic flexure, 29 (8 7 per cent) , 
descending colon, 75 (22 5 per cent) He also reported 292 cases occur- 
ring m the sigmoid flexure This series closel} corresponds to the series 
of Erdmann and Lockhart-Mummer} 

The statistics of Crumpson and Canderceer, Clood, Debocis and the 
]Ma}o Clinic show that males are afflicted in a proportion of approxi- 
mately tw o to one 

" Submitted for publication Sept 17 1929 
*rrom the Department of Surger^ Woodland Clinic 
Read at the Idaho State Medical Meeting Juh 7 1929 
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Occuuence m Decades of Life — Carcinoma of the large bowel may 
occui at any age, and, although it is usually found in the fifth and sixth 
decades, it is not unusual to find it in the second decade, and numerous 
cases are reported m which the patients were between 20 and 30 years 
of age Cases have been reported in which the patients were 3, 5, 14 
and 15 3 'eais of age 

Pathology — The anatomic tjfpes'of caicinoma of the colon are (1) 
the soft medullary adenocarcinoma, (2) the scirrhotic or fibiosarcoma 
and (3) the colloid The different pathologic types are respon- 
sible for the wide variations in the S3'mptoms as well as in the roentgen- 
ologic observations Cancers of the right half of the colon, as a rule, 
are large and iriegular and aie covered with stubby protuberances 
They frequently ulcerate and often produce large masses In a study 
of the mortality and recuirence in 203 patients with colloid carcinoma of 
the gastro-mtestmal tract, Paiham found a greater longevit 3 x but a 
greatei eventual mortaht 3 ^ Obstruction is not common, except by lea- 
son of adhesions of secondary intussusception In the colloid type the 
epithelium frequentl 3 '^ forms glands, the lumina of which ma}^ be gieatly 
distended by secretion The glandulai type is the least lapidly fatal, 
owing to the tendencN^ of the secietion to mteifere with the nutiition of 
the cancer cells 

The scirrhotic type is chiefly composed of adenocarcinomatous 
islands surrounded by dense connective tissue The tumor mass is 
usually small and annular Obstruction is, as a i ule, an early symptom 
The usual site of the tumor is m the left quadrant 

Cancers vary greatly in their degree of malignanc}^, as was pointed 
out by Broders in his index of the grading of mahgnanc 3 " The degree 
of malignanc 3 ^ is based on the differentiation of the neoiilastic cell 
The more nearly the cell approaches the embr 3 mnic, or undifferentiated, 
t 3 'pe, the more malignant the tumor The comerse is true, nainel 3 % 
that the more nearl 3 ' normal the tumor cell is, the lowei is the degree 
of malignancy 

The extension of malignanc 3 " from the primar 3 ' giowth is b 3 ’' way 
of the lymphatics or the blood stream, b 3 ^ cellular implants on the 
mucous membrane or the serosa of the wall of the bowel and b 3 direct 
extension 

Jamison and Dobson divided the lymphatics into four groups (1) 
the epicolic group commencing with the surface of the bowel (fig 1) » 

(2) the paracolic group in the mesocolon, close to the bowel (fig 1) > 

(3) the intermediate group along the colic arteries (fig 1), and (4) the 
mam glands at the origin of the mam artery (fig 2) 
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Ihe hniphatics as a rule, follow well defined lines, usualh accom- 
paiwing the blood \esscls of the part (fig 1) The hinphatic supph 
of the cecum and a«cending colon is e\tcn<5nc when compared to the 
rest ot the colon It '^eems to act as a defense e mechanism since metas- 
ta^'es occur more >;lowl\ there than in am other portion of the large 



Fig 1 — Limphatics ot large bowel 


bowel The l3mphatic supph of the descending portion ot the large 
bowel IS the least of an} ot the segments 

In a stud} of 100 specimens of colonic cancer Hates obserted 
metastases in the order of trequenct to occur in the sigmoid, descending 
colon, transverse colon, hepatic flexure, splenic flexure and ascending 
colon Earh metastasis to the liter without appreciable local glandular 
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m\ohement is usually an accidental involvement wa}^ of the laiget 
\enous tiacts Cancel cells that bieak off aie earned diiectly to the 
livei at an eaily stage of the disease 



1 ig 2 — Rcl itionsinp of hniplntic ciraiinge to cjsterm dull and portal 
circulation 

jMetastatic implants on the inside of the bowel usuall} occur by back 
pressure and peristalsis IMasses of carcinoma cells which have been 
broken olt the original tumor aie often implanted several inches aw<i\ 
trom the pnmarv growth 
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C ucinoina tcllb oft from the serous sin tncc nia\ likewise 

fiiul lodgment at distant pirts ot the abdomen h\ gra\it\ often low 
in the pch is 

Loidhon ot Lisioit — Roentgenologists arc agreed that the barium 
sulphite enema is the most efficaeious method lor exact localisation ot 



the carcinomatous lesion It is inadeisable to giee barium b\ mouth it 
obstructue S3mptoms have been at all marked, owing to the impaction 
of this material aboie the lesion Unfortunatel} , obstruction is the 
first semptom noted The patient so afflicted ma}' become markedh 
debilitated before surgical measures are instituted In this instance 



496 


4RCnU'LS OF SORGER] 



Fig 4 — Dciinecl irc.is of resection aecording to blood supplj of hege bowel 
/ iiulicatcb irci of bowel to be resected in corcinonn of cecum, 'isccnding colon 
ind bepntic flexor, the area between 4-B to be resected for carcinoma of the 
transeerse colon to sa\e, if possible, the middle colic irters B irea to be 
resected for carcinoma of the splenic flexor of colon , C ire i to be resected m 
isccnding colon if extensue glandul ir metistisis exists, D, ire i winch mav 
be resected if sm ill e irK carcinoma of the sigmoiel exists mrl / iisiiil ire i tor 
abdominal perineal resection of the sigmoid ind rectum 
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txtciisni. t.\uniin(ion ‘•linuld not l)e done and ccco‘'tonn or deostom\ 
under local or ueuoinl ane'-thc'-ia without exploration i-- the procedure 
ot choice 

Ori K\TION 

Puof'iioiiXi Pn f'axitwii — ^Ihc initial efforts should be directed 
tow aid the correction of obstruction it it c\i«ts and toward the resto- 
lation of bode nuuN 



Fig 5 — Resection ot middle portion of transeerse colon showing anatomic 
relationship and ends reade for choice of anastomosis 

^larked anemia exists in many instances, associated with lesions m 
the right quadrant Repeated transfusions mae be necessare Chronic 
m}ocarditis, chronic nephritis and hepertension are not unusual com- 
plications Prolonged obstruction eeith resulting toxemia mae greatle 
damage an alread} defectiee cardiorenal mechanism Examination ot 
the blood urea and nonprotein nitrogen and phenolphthalein tests should 
be made to ascertain hoee the kidnee is functioning Before an opera- 
tion of such magnitude as resection of the boeeel is considered, electro- 
cardiographic studies of the heart should be made it m\ocardial damage 
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exists Opel ability can be detei mined only by caieful abdominal 
exploiation after the lesion has been localized by baiium enemas 
Howevei, exploration of the abdomen should not be done without 
careful preparation when any appreciable degree of obstruction exists , 
noi is piolonged exploration well toleiated when debility is maiked 



1 )g 6 — Parkcr-Kerr closed tcclmic of resection of tr.ins\crsc colon 


Surgeons are uni vci sail}" agreed that operation b) well defined stages 
should be instituted m the presence of obstruction Cccostomy or 
iieostom\ through a small incision, under local anesthesia, is then the 
procedure of choice in preparation 

Postoperatn e herniations and extensne wound infections arc com- 
mon complications i\hen an ileostonu or cecostoiin is done tliiongli the 
incision for exploration 
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Lc-'ion'' tint aio iininnhilL htlorc dram igL ot tin. Ijoucl nn\ Ijccoiik 
mi)l)ik in from two to thicc wcik*- owing to tlie ‘:nl)‘'Kkncc ot nitlam- 
maton rcietioiis 

Cliom of PiPCiihiii — In pi niiiing an opci.ition tor radical cure ot 
carcmoiin ot tlic Ixiwcl it is ncccssar\ to In\c clcarl\ m mind both 
tlic imiiicdntc and the nltmntc canoes ot dcatii, as picMoiish pointed 
out Ik lore the ad\ciit of the two-stage operation for prostatectonn 
the postoptratne mort ilit\ w is \er\ higli 'J he mortaliti was prnnarih 
caused h\ urman ohstruetion and was sceondar\ to nilection So it 
is with olistruetnc lesions in the large bowel, witli infection pla\mg an 
e\en more impoitant role Inteetion at tlie time ot ojicration is usualh 
easil\ o\erconie h\ the ]iatient it aecrage a'-ejitic tcchnic has been 



Tig 7 — Technic of cecostonn through as small an opening as possible 

obsere ed The large percentage of immediate death occurs trom one of the 
following causes (1) the resulting paresis and obstruction of the bowel 
at the operatic e site from gas pressure, (2) improper selection ot the 
area of resection and the resulting gangrene of the bowel from lack ot 
blood suppl}, with resulting peritonitis, (3) infection and abscess for- 
mation in the wall of the bowel at the site of the suture line, it extensice 
fat deposits exist, and (4) institution of radical operatic e procedure 
before sufficient preoperatice preparation has been accomplished 

The less common causes of immediate death are (1) pneumonia 
if ether anesthesia or prolonged gas anesthesia is used, (2) post- 
operatic e shock from prolonged operatic e procedure or hemorrhage, 
(3) pulmonary embolus and (4) thrombosis of cessels cchen tumors 
hac e been dealt cc ith b} the IMikiilicz and Paul methods 

The ultimate cause of death is from recurrence ot the carcinoma 
Recurrence can be minimized if radical resection is instituted in the 
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cases consideied operable Consideiation of lymphatic and blood suppl} 
of the large bowel cannot be overemphasized m considering the segment 
of bowel to be resected 

Carcinoma of the cecum, ascending colon and hepatic flexure usually 
IS not markedly obstructn'^e If obstruction does not exist, a primarj^ 



Fig 8 — Position of cecostom} in rchtionsliip to tumor mass 


resection can ustiall} be done (fig 3) This opcratuc procedure i;= 
unquestionabh the safest when the factors of blood siippl} (fiff d) and 
hmplntic siippl} (figs 1 and 2) are considered The extent of the 
rejection is sliown as A in figure 4 Stipplcinentar} ilcostoim i 



hiii-i. ; a (/\() u / oi 1 ih\,i hoiu L '01 

kI\ I t i point uiiio\i(I lii>iii the iiiLi'^ioii it olistiiictioii cMbt*- to 
mu LoiiMcltialik dmiit. u tin titiK ot priiinr\ rt^LCtioii 

CTrciiioiii 1 Tri'-iiiir in tin tiin''\<.i''0 c<iIon can ht dealt with I)\ a 
primal \ rc'-tction ( Iilj'- ^ ukI (>) Cec<i''loiii\ (ficf / ) or iltobtoiiu ib 
.uhisihk It tin patient u old oi the oh'-tnietion u ippreciahle I’ntiil 



Fig 9 — Areas of infiltration of the abdominal wall for exploration and resec- 
tion of tumor of colon under anesthesia 

obstruction that is not greatl}^ improeed b\ medical management should 

have a prehminar} cecostome done 

Due to the extensne mobilization of the splenic flexure, latera 
anastomosis, supplemented b} a prehminar) cecostonu , is, as a rule, th^ 
operation of choice 

Carcinoma of the splenic flexure usualh produces obstruction, whici 
is the outstanding stmptom The blood supph is poor (fig -f B) 





/'/// t /A(/\()i/, ()/ I ih\,i hoii LI :;(r, 

1 rIiiiuii.un tu.d'-toiin ( Iilt'- / and S) tollowcd 1)\ ladical rcbtction 
(tiij-' 10 ind 11) iiikIli U!,'ioinl iiiL'«tlusn oi spiml aiustlnsn suppk- 
iiKiiud I)\ Ii'^lu (.tlnliiR ( li”; '>) Is thi piottrlnit ol choRt 

In the (leHUulni^ and M^nioid colon i incliinnnn cccostonn should 
he done in all cris m which ohstmction is milked R-uhciI icscction 



1^'S 11 — Lateral anastomosis of the transrerse colon and decending colon 
following resection Mobilization accomplished bj splitting leaf of outer 
mesenterr 


according to the closed technic as outlined in figuie 6 is the preteiable 
technic Resection should be wide, as in C in figuie 4, it glandular 
im oh ement is present 

As far as possible local, legional, spinal or ethtlene anesthesia should 
be used 
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COUMLNC 

Nine cases of caiciiioma of the colon, not including the rectum and 
sigmoid, have been selected foi analysis as to the choice of operative 
pioceduie influencing the immediate and ultimate mortality In a 
previous aiticle I leviewed a gioup of cases of caicinoma of the rectum 
and sigmoid fiom a similai point of view 

The thiee Mi B ’s aie thiee of si-v brothers who have had lesections 
of the cecum and ascending colon for carcinoma of the cecum 


Analysis of Nmc Cases 


Cases 


'J’j nt of 

Date of 

I oeatlon 

Grade of 



Tspe of 

Ago 

Operation Operation 

1 of Beslon MnHgnancy Results 

Blv ing 

Carcinoma 

Jlis W 

74 

Cecostomj 

1/ 5/27 

Splenic 

II 

Good 

2 scars 

Adeno 



lescetion 
lateral an 
nstomosls 

fle\ure 




carcinoma 


2/ 5/27 

Mrs L 

30 

Rcscetion 

1/ 7f>3 

'1 ransa erse 

n 

Good 

4 scars 

Vdeno 



lateial an 
nstomosls 

colon 



caicinoma 



Mrs H 

58 

Ileostomy 

0/30/27 

Cecum 

9 

Died 

Died 





(marled 
obst ) 


24 hours 




Mr B 

37 

Boscction 

9}i2/27 

Cecum 

III plus 

Good 

V/_ sears 

Adeno 



tecum 





carcinoma 

Mi vr 

43 

Resection 

5/17/23 

Trnnsterse 

III 

Died 

Died 

Colloid 



trnnstorsc 

colon 


3 dins 


circinoma 



colon and 


(marled 






clioloojs 

totomj 


obst ) 





Mr r 

77 

Cocos tom 3 

5/14/27 

Upper 

III 

Good 

2 veers 

Adeno 



reseetion 

5/23/27 

descending 




c ircinoma 



lateral 
an isto 

colon 








mosis 







Mr a 

40 

Resection 

3ini2i 

Transi erse 

III 

Died 

Died 

Adeno 



transverse 

colon with 


1/10/25 


c ircinoma 



colon 


involve 


jcciin cnco 







inent don 
denuni 


in livci 



Mr B 

52 

Resection 

5/ ’7/28 

Cccuni 

IV 

Good 

2 IV cols 

Adeno 



cecum and 

liepatic 

llc\ure 





tiucinoina 



Mr B 

43 

Kcscction 

cecum 

0/20/22 

Cecum 

III 

Good 

7 scais 

Adeno 
c ircinoma 



abdomino 

perineal 

S/23/29 

Recto 

sigmoid 

II 

Good 

1 seal 

Adeno 

caicinoma 


Patient 9 developed a caicinoma of the lectum seven yeais aftei the 
lesection of the cecum and has had an abdominoperineal operation for 
radical cure Another brother has a marked diverticulitis of the cecum 
and sigmoid at the present time 

This family group illustiates the inaiked inheiited susceptibility to 
the dev'elopment of caicinoma The instability of the patients tissue 
for further development of carcinoma is illustrated in patient 9, who 
developed the lectal neoplasm sev^en years later An additional case 
IS cited from the records of a woman who had a grade III carcinoma 
of the breast remov^ed and who two years later developed a carcinoma 
of the rectum 
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Ml'- \\ ind Mi ]' iIlu'-tiilL tlu old dLliilit itcd obstructed t^roup'- 
who icciuiic cccostoiiu and kiiutln ])Kjnntion lot rcscclioii the resec- 
tum bung done in tlie^e eases eiUireh under ree,uomI anesthesia 

Pn-toper iln e iii idiatmii in ill eases ot cancel ol the 1 irire Iiowel and 
leetuni is consideied ui essential routine in the preeention ot iccnrrence 
It IS lelt tint the itood lesnlts obt lined in tbe pi oloiiit ition ot hte in 
tbe eases m whieh the ]ntients had a i;iade 111 and ]\ c ircinoma i- 
dne in i nieisiiie to deep therape 

<^1 M M \K\ 

1 he most impoitant jirinciples to be stiessed irc I Relict from 
ubstinction md ele immitol the bowel jireoperatie cl\ ,md postoperatn eh 
shoulfl be done lor leliet tiom toxemi i Old and debilitated patients 
ha\e jioor healing poweis G neons distention from partial ileus and 
local jicritomtis sepai ites jioorh he iled suture lines m numerous cases 
The satest procedure as a routine is that ot i supplemcntars ileostom\ 
when prnnare resection ot the cecum hepatic flexure or trans\crse colon 
has been done, it obstruction exists Prehmmare cccostome or ileostome 
at the tune ot radical resection or ]ne\iou--l\ should be instituted when 
dealing with carcinoma of the splenic, descending or sigmoid colon, 
depending on the degree of oijstruction and debihtv It is possible to 
do prnnar\ resections of the large bowel when the patient is in good 
ph\ sical condition and inildh obstructed w ithout ileostome or cecostome 
it sufficient bowel cleansing preparation has been preciously instituted 
and obstruction reheced Prchmmarc preparation with excess of fluids 
and nonresidue diet should be followed as a routine 

2 Careful attention to the blood supph of the bow el stumps before 
anastomosis is begun w ill a\ oid subsequent sloughing from lack ot 
blood supph If possible, resections should be planned according to the 
blood supph show n in figure 4, w ith the 1) mphatic supph illustrated 
in figures 1 and 2, in mind The anastomosed segments should be 
mobilized so that all tension is acoided 

3 Preoperatne preparation m regard to the restoration of water 
balance, medical therap) directed to the improcement of impaired 
kidnecs and damaged cardiocascular scstem, correction of anemia and 
inanition are factors of c ital importance for a successful outcome of 
a radical surgical procedure 

4 The operation of Mikulicz should be abandoned owing to the 
length of hospitalization, high percentage of recurrence, danger of 
thrombosis m cessels and postoperatn e herniation The operatic e risk 
IS not greater than that of a cecostomy follocced be radical resection 
It should be used onh as an emergency procedure m case of gangrene 
of the boccel at the time of the prnnare operation 

5 Postoperatic e deep therape should be done as a routine 
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HYPERTONICITY WITPI HYPERTROPHY OF THE 
PYLORUS IN ADULTS 

SURGICAL ASPECTS 

CHARLES BRUCE MORTON, MD 

Assistant Professor of Surgery and Gynecologj, Universitj'^ of Virginia 
Department of ifedicine 
CHARLOTTrsi II r E, VA 

It IS my puipose to call attention to a syndiome that seems to con- 
stitute a definite clinical entit)^ but one that the clinician seldom if ever 
takes into coiisideiation when confronted with a patient who complains 
of discomfort m the uppei part of the abdomen It was brought to 
m}^ attention by thiee patients who were seen recently at the Univeisity 
of Virginia Hospital In each instance roentgenologic studies of the 
gastio-intestinal tiact weie made, and in all of them lather characteristic 
changes in the pylorus weie noted The roentgenologic observations 
will be reported in detail elsewhere bj'^ Archer ^ Exploration of the 
abdomen revealed almost identical changes in each case , namely, hyper- 
tonicity and hypeitiophy of the pylorus with nan owing of its lumen 

REPORT OF CASES 

Case 1 — C D, a white man, aged 63, w’as admitted to the medical sen ice 
on Jan S, 1926 Except for the fact that his father died of “cancer of the liver," 
the family and past histones were unimportant The chief complaint W'as sore- 
ness in the upper part of the abdomen, which had first been noticed five months 
previous!} There had been little real pain, but the discomfort had been constant 
and accompanied by the sensation of a “lump” in the epigastrium There had 
been no apparent relationship between the discomfort and the taking of food 
Nothing had relieied the symptoms Nausea and vomiting had occurred on 
sereral occasions, but there had been no hematemesis and no melena The patient 
had lost 25 pounds (113 Kg) 

Examination revealed the patient to be somewhat undernourished All of his 
teeth had been extracted The heart and lungs were normal There was some 
tenderness and rigidity of the upper portion of the rectus muscle on the right 
side, but no mass was palpable The temperature, pulse rate and respirations 
w ere normal The urine and blood did not show an> abnormality, and the Wasser- 
mann reaction w'as negative The systolic blood pressure was 126 and the dias- 
tolic 78 Anal} SIS of 90 cc of brownish material withdrawm from the stomach 
showed no free h}drochloric acid, but blood, lactic acid and bacilli Oppler-Boas 
were present A roentgenologic studv of the stomach revealed a constant but 
regular narrownng of the p}lonc ring that appeared to be about an inch in wudth 

Submitted for publication, Oct 18, 1929 

From the Department of Surgery and Gmecolog}, Universit} of Virginia 

1 Archer, V W H}pertrophic Pjlonc Stenosis in Adults Roentgcn-Ra\ 
Aspects, Thesis submitted to the American Roentgeii-Ra} Societ} 
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It w is thought tint lliL iMiictit Ind in t irh iii<I opcriiilc cnst oi i,T<:(nc cir- 
i-itii'iiii Tiid oiH.r\tion w is Tihi td 

(''iuntioii wTs pirKirimd iitidir itlicr niKstlRsn In Dr “s H \\ atts \ 
ntiRr ilnstn nnss nUoiit ■? un in iliiin(.t<.r ms loiiiul in tin, rcjion ot the 
Ii\Iorus 1 liL nnss imisnud oi n un. itl\ In pcrti opined peloric rnic tlic iiuislIc 
ot wlmli ms quite spTstir ] In stonneh <In<vleninn uilllilidder pmcnis ond 
ippindiv Were nornni 1 lie iieloms ms iiiened lontritndnnilv ind dosed tnns- 
\ersel\ in order to niemse the si 7 e ot its hnneii Postoperitne coimlcsceiice 
ms nneieiitfnl \ Idter recin<d ironi tile pitient s plnsicini Mirch 10 1929, 
more tlnii three Mnrs niter the operntion stnted tint he n is in eood henitli tree 
irom iliscoiiiiort mid In<l recnnied his norinil ueieht soon niter returnincr home 
C N't 2 — C T n colored ninii need 42 wns idiintted to the snreicnl scr\ ice on 
Mnrch 1*) 1928 Hn mmiK Instore wns nnimportniit lie hnd heen opernted on nt 
this hosjiitnl in l^lo lor hemorrhoids nnd n^nni ni 1922 lor ehroiiie nppeiidiciti' 
\t tint time the olni r\ ntioiis unde on roeiit,,enoloeic evnminntion ot the stomneh 
were ideiiticnl with tho'C to he descnhed Ilie oiierntor reported tint there wns 
no pnipnhie nhiiormihti ot the stotinch it tint time The nppeiidcctonn hnd 
rehcecd the s\mptoms for oiih i lew months 

The chiet cniiiiilnint wns soreness nnd discoiiiiort m tlie upper part ot the 
nhdomeii ot si\ months durntion There hnd been continuous sorenC'S in tne 
epignstrium hut no rcnl pntii \ ncue geiicrnlircd nbdominnl discomiort had been 
noticed intcrmittentK lor n period ot si\ eenrs There hnd seemed to be no con- 
stnnt rehtionship between the soreness nnd the iiigc'tion of lood There had 
been no nausea or \oiinting no heiinteinesis nnd no nielena The patient had 
suffered witli niodcrnte constipation since 1922, before the appendectom\ 

He wns well nourished nnd his teeth seemed to be in lairh good condition 
The heart and lungs were normal, but the abdomen was moderateh tender and 
somewhat resistant in its upper portion pnrticiilarK on the right side The 
temperature, pulse rate, respirations nnd blood pressure were normal Examina- 
tion ot the urine and blood did not re\cnl an\ abnormnhties, and the assermann 
reaction was negatue Gastric annhsis showed h\peracidits of a moderate degree 
Roentgenologic en.nmiiintion of the stomach repealed a tubcliKe, spastic pnlorus 
with constant spasm of the prep\Ioric portion ot the stomach The probable 
presence of a small gastric ulcer was reported 

I performed the operation under ether anesthesia, and exploration re\ealed a 
normal gallbladder, stomach nnd duodenum The appendix had been remoned, 
nnd there were no adhesions in the region To make sure that no gastric or 
duodenal ulcer had been oierlooked the stomach was incised, and the gastric and 
duodenal mucosa were inspected The onh positne obseriation was a definiteh 
thickened and spnstic pilorus which was not seen to relax at am time, and which 
offered considerable resistance to digital dilation Xo further operatne procedure 
was done 

Postoperatne comalescence was uneienttul and the patient left the hospital 
alter two weeks He returned on Xoi ember 19 and stated that lollowmg opera- 
tion he had been entireh free from discomtort for four or fire months, but that 
later the discomfort had gradualh returned Choleci stographic examination did 
not re\ eal am ei idence of choleci stic abnormaliti , and a roentgenologic stud\ of 
the stomach did not show anj change in the pi lorus since the former examination 
Small frequent meals were prescribed and apparentli liaie reheied the patient 
for the present 

C\SE 3 — L J, an unmarried white woman aged o9 was admitted to the 
medical sen ice on \pril 17, 1928 The famih histon was unimportant The 
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uterus Incl been suspended fifteen ^ears before Tlie patient liad never been able 
to eat large meals, because her stomach had seemed to fill quickly Her chiel 
complaint was of periodic attacks of pain in the epigastnmn, which had troubled 
her for fifteen months The pam had occurred soon after the ingestion of a 
meal Sodium bicarbonate had afforded relief, and sometimes there had been 
relief after the ingestion of more food Three weeks prior to the time of admis- 
sion, the symptoms had become more se\cre and had frequently been accompanied 
by attacks of vomiting At the time of examination, the patient had been unable 
to retain anj food for a period of si\ davs There had been no hematemesis or 
melena She had lost 30 pounds (13 6 Kg) 

At examination the patient appeared undernourished, quite intelligent and 
cooperative There was some dental canes present The heart and lungs were 
normal There was tenderness and some muscle spasm in the epigastrium, and 
the upper right quadrant of the abdomen The temperature, the pulse rate, 
respirations and blood pressure uerc normal Examination of the urine, blood, 
stools and gastric contents did not reveal any abnormality Roentgenologic exami- 
nation of the stomach repealed a tubehke and spastic p^lorus with a constant 
deformity of the lesser curvature just proximal to the pjlorus Six hours later, 
there was a residuum m the stomach estimated at 25 per cent Gastric ulcer 
with pjdoric obstruction uas suspected, and, after dehjdration had been combated 
bj' fluids gneii mtraienouslj, operation uas adiised 

At operation, a spastic and definitelj thickened pjlorus was discovered The 
stomach, duodenum, gallbladder and appendix seemed normal The anterior two 
thirds of the pyloric ring and some of the contiguous stomach and duodenum 
were excised Inspection of the stomach and duodenum did not reveal any e\i- 
dence of ulceration The opening was closed transversely, a funnel-shaped com- 
munication between the stomach and duodenum being left Examination of the 
excised tissue showed some hjpertrophv, cellular infiltration and edema of the 
muscularis 

The postoperative course was entirely uneventful, and the patient was dis- 
charged after two weeks Later some diseased teeth were removed When seen 
SIX months after operation, the patient reported a gam of 30 pounds (13 6 Kg ) 
She W'as seen again after an additional period of six months, and at that tune 
reported that her health was excellent and that she was entirely free from 
abdominal complaint 

LITERATURE 

Because the condition encountered in these patients seemed 
uncommon, I examined several textbooks and other literature dealing 
with gastro-intestinal disease, but -I found relatively few and rather 
unsatisfactory references to dysfunctions of the pylorus m adults 
Hypertrophic pyloric stenosis of congenital occunence in infants xvas 
discussed frequently Numerous data of anatomic and physiologic 
studies of the pylorus were found 

The anatomic location and structure of the pylorus are such that 
it plays an important role in the digestive processes of the stomach and 
upper part of the intestinal tract It is a sphincter-Iike ring of cir- 
cularly arranged muscle fibers at the outlet of the stomach By the 
1 econstruction and study of serial sections, Horton" show'ed that there 

2 Horton, B T Pjloric iMusculature with Special Reference to Pjloric 
Block, Am J Anat 41 141, 1928 
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i‘' 1 ''Inrp Itreik in tiic tirtuiii hiiLis ni iIk p\Iorus when it reaches 
the <huKknnni InU th \t theie i^- enmimiit\ ol nhonl one ionrth ol the 
lonejitudin il lihtr^ lioin jnr'- p\loriei to (Inodenum h\ which the 
dilator nui'-clo nl ihi ]wlnrii'> is lornied 

Tile niLehaniMn h\ whnli llic pxloiiis open'- ind elo'-es has not been 
liilK i.\pl lined The tlieorx ot eoinjilcte eonlrol In acid and alkali has 
Iiecn lonnd inaiieqinle In rtiriid to neivous control McCrea and 
Brandt' ha\e •'hown that the prloiii" ind duodeniiin get their nerre 
siipph Horn a large hraiieh of the \agU'' leading directh troin the region 
ot the e irdia to the h\er I hat ner\e hher-' trom both the s\m- 
pathetic and the p\ra^\tnpvthelie s\ '.tents suppK the pelorns is certain 
hut which IS eonstrietor and which inhiliitort is not agreed on b\ 
nncstigators Mai tin and Burden ' retiewed recent experimental data 
on the suhiect 

Ptlorie stenosis mat he second ir\ to i condition such as peptic 
ulcer or gastric carcinoma or it mat lie primarv Pnman stenosis 
mat he caused in d\st unctions or In changes m the musculature or be 
a combination ot the two Luminal narrowing of the ptlorus due soleh 
to desiunction was called ‘ptlonc achalasia In Hurst' who used the 
term to denote pcrsiitcnt tailure ot a sphincter to open wideh in 
response to that coordinating mechanism b\ which Msceral contents are 
allernateh retained and expelled Martin and Burden ■' and Deaeer 
and Burden in recent studies of such cases described a rational surgi- 
cal treatment 

Stenosis of the pilorus due soleh to changes in the musculature 
such as fibrosis and In pertrophv. probabh is lare Stenosis due to a 
combination of functional and structural causes seems to be the most 
probable tape Hapertrophic pa lone stenosis of congenital occurrence 
in intants is a common aarieta The first description of this condition 
is attributed ba Osier to Beardslej ' (1788) Hirschspning s ' pub- 
lication (1887) again directed attention to this condition Doaanes** is 
responsible for comprehensia e later studies ot the surgical problem 

3 McCrta and Bnndt quoted b\ ^laao C H Diaision of the \ aga tor 
Palorospasm, Proc Staff Meet ilaao Clin 3 177 1928 

4 !Martin E, and Burden V G Palonc A.chalasia and Peptic Ulcer A.nn 
Surg 8 8 565, 1928 

5 Hurst, A F The Sphincters of the ^hinentara Canal and Their Clinical 
Significance Brit At J I 145 1925 

6 Deaaer, J B, and Burden V G The Surgen of Palorospasm Ann 
Surg 90 530 1929 

7 Beardslea Hezekiah quoted ba Osier M illiam , and AIcCrea Thomas 
The Principles and Practice of Medicine Aeaa York D Appleton Compana 1919 

8 Hirschsprung, quoted ba Osier 

9 Doaanes, AV A The Operatiae Treatment ot Palonc Obstruction in 
h'fants Surg Ganec Obst 22 251 1916 
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An Intel esting conception of the pyloiic tumoi in such cases was 
mentioned lecentl)^ bj' Ficcman He suggested that it may represent 
a level sion to ancestial type In suppoit of his hypothesis, he stated 
that the girzard of giaminivoious birds is situated in the pyloiic region, 
and tliat in some liighei m.iinmals, notably the colored anteater, the 
outlet of the stomach is occupied by a heavy muscular tuinoi in the 
same situation as the tumoi found in cases with hypertrophic pyloric 
stenosis 

That primal y stenosis of the pyloius with hypeitiophy might occur 
in adults seems to have been lecognized fiist by Maiei He reported 
necropsies of twenty-one subjects vaiying in age from 12 to 75 years, 
and in each case there was h 3 'peitiophy of the pyloius 

Majdard described seven cases in which he opeiated because of 
symptoms that suggested peptic ulcei, but instead of ulcei he found 
stenosis of the pyloius Gastro-entei ostomv lelieied the sjauptoms in 
each case 

Mayo-Robson and Mo}nihan^^ quoted Maiei ” and referred to a 
case of Hussey’s in which gastro-enterostomy relieved the patient 
They described a case of then own in a man, aged 24, m whom symp- 
toms of gastric retention had progiessed insidiouslj^ for five years 
Exploiation revealed a tightly contracted p 3 dorus It was dilated 
manually, and the patient had no fuither trouble for three months At 
the end of that time, the symptoms recurred Another operation was 
advised, and at that time a gasti o-entei ostomj' was made, which gave 
permanent relief 

Bastianelli desciibed foui cases in which theie was p 3 dorospasm 
but no letention ot gastiic chyme Exploiation showed thickening of 
the pylorus with slight evidence of a low grade inflammation but no 
ulcei ation The Rammstedt operation was employed successfully 

BianchettH® recorded a case in which he lesected a thick pylorus 
which seemed to be malignant Micioscopic examination of the speci- 
men, however, revealed only marked hypertrophj' of the ciiculai muscle 

10 Freeman, Leonard Discussion Ann Surg 90 540 1929 

11 Maier, R Beitrage sur angebornen pylorus stenosis, Virchows Arch f 
path Anat 102 413, 1885, quoted by Majiard (footnote 12) 

12 Mavlard, A E Congenital Narrowness of the Pyloric Orifice a Cause 
of Chronic Gastric Disease in the Adult, Brit M J 1 416, 1904, 1 626, 1920 

13 Mayo-Robson, A W , and Moynihan, B G A Diseases of the Stomach 
and Their Surgical Treatment New York, William Wood & Compan), 19 , 
p 522 

14 Husse\, quoted b\ Maio-Robson and Mojnihan (footnote 13) 

15 Bastianelli, R P^lorus Spasm and Its Surgical Treatment, Ann Surg 
81 45, 1925 

16 Bianchetti, C F Contribute alio studio della stenosi pilorica ipcrtrofica 
idiopatica dell’ adulto, ^rch ital di chir 15 585, 1926 
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fibers, Inch he called “circular iti} oma ” Crohn reported one case 
in nhich a Rammstedt operation nas used successful!}, and Chane\ 
described another in nhich a Horsle} p}loroplast} gaie satisfactor} 
results jMartin and Burden,^ in reporting cases ot p\loric achalasia 
called attention to the f requeue} with which the s\mptoms of achalasia 
simulated those of peptic ulcer, particularh the earh stage of ulcer 

COMMENT 

The pathogenesis of h}pertrophic p}loric stenosis in adults is an 
interesting subject for conjecture There are two possible origins, 
name!} it mai arise de noi o in entire!} normal persons or it ma\ repre- 
sent actuation of a previously quiescent but alread} h} pertrophied or 
spastic pylorus Clmicallv there are laiuing degrees of congenital 
hi pertrophic p} lone stenosis, and it does not seem unreasonable to sup- 
pose that there ma} be so little stenosis m some infants at birth that 
the} may pass through mfanc} , childhood and a part ot adult life w ith- 
out trouble Something m the intrinsic or nenous mechanism of the 
p} lorus goes w rong, and si mptoms appear 

Stenosis of the pylorus arising de noio in a preiiouslv normal 
person with a proper!} functioning p}loius seems improbable and diffi- 
cult to explain on an} basis other than that of imbalance of the 
autonomic neri'ous s}stem It is possible, howeier, that abnormal nei- 
1 ous stimuli or an abnormal response to stimuli ma} cause p\ lorospasni 
and that a long continued spasm may cause h}q)ertroph} Because of 
the incompleteness of the data on the subject howe\er, it is difficult to 
discover the etiolog}’’ in each case 

The diagnosis of the condition should not present great difficulties 
Were it borne m mind and considered more frequently when patients 
are examined who complain of a ague or atypical s}Tnptoms m the 
upper part of the abdomen, fewer cases would go unrecognized The 
frequency with AAhich the sj'mptoms resemble those of peptic ulcer, 
particularly the early stage of ulcer, has already been mentioned One of 
my cases falls m this category, the other two patients complained of 
relatiA ely constant discomfort and soreness rather than of actual pain m 
the epigastrium There was an accompanjang sensation of fulness 
Tavo of the patients complained of nausea and Aomitmg penodicall\, 
and two had lost from 25 to 30 pounds (from 113 to 13 6 Kg ) 
Ph} sical examination did not rcA eal any t}'pical changes 

The final diagnosis must be made roentgenological!} Constant 
spasm of the pylorus with more or less lengthening and narrowing of 

17 Crohn, B B Congenital Pa lone Stenosis in Adult Life, TAM \ 
90 197 (Jan 21) 1928 

18 ChaneA, R H Congenital Pa lone Stenosis in A.dult Lite, T M \ Georgia 
17 57, 1928 
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the lumen of the pyloius is piesuinptive evidence, and when accompanied 
by signs of gastiic stasis oi retention is conclusive evidence of the 
piesence of pyloiic stenosis That gastric stasis is not a constant feature 
of such cases, howevei, was stressed by Bastianelli The degree of 
h3^peitiophy may be difficult to determine but is not in itself of major 
nnpoitance It seems piobable that m the past many of these cases 
have been diagnosed “pylorospasm,” and dismissed as neurasthenic cases 

The treatment pi escribed must depend on the severity of the syn- 
diome and the degree to which the patient suffers discomfort and 
incapacity In all except the mildest cases, in which antispasmodics and 
small, frequent meals might be given a trial, surgical treatment seems 
to be indicated In my cases, one patient was treated by manual dilation 
of the pyloric sphmctei As in the case cited by Mayo-Robson and 
Mo3mihan, temporar3" relief from S3miptoms ensued, but the original dis- 
comfort recuried aftei a few months In the other two cases, plastic 
operations on the p3dorus were peifoimed, and weie followed by com- 
plete and permanent relief The importance of prompt surgical treat- 
ment m such cases is suggested by the e\idence of inflammation which 
IS present in the tissues about the pylorus under these circumstances 
That spasm of the pylorus may be of etiologic significance in the for- 
mation of peptic ulcer has been suggested alieady by otheis and myself 

The type of opeiative procedure to be employed is probably more a 
matter of personal choice than an3d:hing else The Rammstedt, Heineke- 
IMikuhcz, Judd, Horsley or Martin-Burden t3’-pe of plastic reconstruction 
of the p3dorus may be used to advantage There is much to be said, 
howevei, in favor of the operation by which the major portion of the 
pyloric ring is actually excised, and parts of the adjacent stomach and 
duodenum are interposed between the severed ends of the sphincter This 
type of operation leaves a funnel-shaped communication between the 
stomach and the duodenum with the minimum possibility of subsequent 
cicatiicial constriction 

SUMMARY 

I have called attention to a syndrome that seems to constitute a rather 
definite clinical entity It is characterized by hypertonicity and hyper- 
trophy of the pylorus with narrowing of its lumen, as was illustrated by 
the histones of the three cases reported After a brief survey of the rather 
small amount of literature on the subject, these cases were discussed from 
the standpoint of the pathogenesis, diagnosis and treatment A plea is 
made for the recognition of this condition and its consideration in the 
diagnosis of all vague or atypical symptoms referable to the upper part 
of the abdomen The final diagnosis must be made roentgenologically, 
and the importance of surgical treatment and the types of operations to 
be used are referred to briefly 



CHROXIC CYSTIC MASTITIS 

PRCLnilXVR't REPORT ON’ THE N \TLRE OP THE PROCESS =< 

T STE^\ART RODMA.X, MD 
In Coi l vuor \tio\ with Hflen I^GIF^^, MD 

rHIL\DLLPHI\ 

Ten \ears ago in a paper ' read before the surgical section of the 
Southern jNIedical Association, I made certain dogmatic statements con- 
cerning chronic c\stic mastitis and other, as I then belie\ed, definitel} 
precanceious lesions ot the breast One ot the penalties of increased 
experience is often that one can no longer be quite so sure, and so it is 
with our present-da\ hehet concerning the nature ot this process called 
bv manj' names hut peihaps most otten, chronic c\stic mastitis The 
main issue is now what it was then an appreciation of the importance 
of this condition with relation to its malignant tendencies 

I do not believe that m\ own experience with due regard for that 
of others, entitles me am longer to look on this process as definitel} 
precancerous, as I thought it was ten lears ago, and in fact until recenth 
That It does at times lead to carcinoma there can be no question, but, 
it does not do so nearl} as often as was former!} thought I cannot feel, 
therefore, that the surgeon is justified in doing the radical operation 
for this condition with the same securit} of belief that in so doing he 
IS forestalling the dei elopment ot cancer There can be no doubt that 
man} breasts ha\e been needless!} excised because of this behef The 
difficulty, how^eier, lies in the fact that some of the cases become malig- 
nant, and it IS impossible to sa} with an} certainty W'hich ones wall 
do so One must therefore be guided entire!} b} the case at hand and 
not b} a set of rules One must not be too much influenced by the 
specter of cancer m the offing If each case ot breast irregularit} with 
respect to age, menstrual and sexual histor}, together with what is now 
known of the ph}siologic c}cle of breast tissue behavior, is careful!} 
considered, one can usually decide on the best procedure for that given 
case The most important of these factors m women of child-beanng 
age IS the menstrual function The amount of imolubon and evolution 
which the breast undergoes dunng its actn e life is great, no other organ 
being given to more epithelial unrest 

* Submitted for publication. Sept 9, 1929 

* Read before the Section on Surgerj at the Eightieth Annual Session of the 
•\inerican Medical Association Portland, Ore Juh 10 1929 

1 Rodman, J Stewart Pre-Cancerous Lesions ot the Breast with Special 
Reference to Chrome C\stic Mastitis, South J 13 348 (yra\) 1920 



516 


ARCHIVES OF SURGERY 


It IS, of couise, impossible to understand the pathologic changes in 
an organ if one fails full}^ to appieciaie its physiology The mammary 
gland, as is now known, is similar in the two sexes up to the age of 
puberty, but from then on fulfils its real function only in the female 
These astonishing epithelial and fibrous tissue aggressions and regres- 
sions occur only in women and at times give use to great difficulty in 
deciding between the normal and the abnormal 

We now believe that when this normal involuntary cycle m the 
bieast is inter feied with, disease begins, and that adenoma, fibro- 
adenoma, papillaiy c}st adenoma, chronic cystic mastitis and even 
carcinoma ma)’^ develop It is, in reality then, one process with variations 
of the theme 

My continued inteiest in this subject clinically has given me the 
oppoitunity of seeing tumors of the breasts entirely disappear, which 
were not opeiated on because of a gi owing conservatism This is a 
dangerous doctrine unless one has had a reasonably large experience in 
the matter, because valuable time might be lost m doing the radical 
operation to forestall the development of, or to attempt to cure a case 
of, early cancel The surgeon must woik hand in glove with a competent 
pathologist who has a special interest in the subject 

Recent literature justifies one in moie conservative practice than that 
to which surgeons have been accustomed in the past As long ago as 
1907, Hitschmann and Adler - described the endometrium in the different 
stages of the menstrual cycle and thus threw new light on lesions of the 
uterus It IS known that these changes are correlated with the develop- 
ment and the regression of the corpus luteum This work has a definite 
analogy to physiologic changes in the breast tissue as was shown in 1922, 
by Rosenburg,® who found m cut sections of the breast and the uterus, 
in cases coming to autopsy, a similar sexual cycle in the mammary gland 
Polano and Sedening confiimed these obseivations in cases from the 
surgical clinic, but they denied that postmenstrual regression is always 
•complete Cheatle,^ McFarland ® and others have shown that what has 

2 Hitschmann and Adler Wien med Wchnschr 57 1297, 1907, Monatschr 
f Geburtsh u Gvnak 27 1, 1908, Arch f Gynak 2 233, 1913 

3 Rosenburg, A History of Breast During Normal or Disordered Men- 
struation, Virchows Arch f path Anat 262 298, 1926 

4 Cheattle, G Lenthal Cysts and Primary Cancer in Cysts of the Breast, 
Brit J Surg 8 149, 1920, Benign and Malignant Changes m Duct Epithelium 
of the Breast, ibid 8 285, 1921, Cancer of the Breast, Brit M J 1 869 
(June) 1922, Hyperplasia of Epithelial and Connective Tissue in the Breast ts 
Relation to Fibroadenoma and Other Pathological Conditions, Brit J Surg 1 
436, 1923, Desquamative and Dysgenetic and Epithelial Hjperplasias in the 

ibid 13 509, 1926, Early and Late Carcinoma of the Breast, Practitioner 116 -61 
(April) 1926 , 337 (May) 1926, Chronic Mastitis, Cj sto- A.denoma and Adenoma 
of the Breast, Arch Surg 17 535 (Oct) 1928 

5 McFarland, Joseph Adenofibroma and Fibro-Adenoma of Fema e reas , 
Surg Gynec Obst 45 729 (Dec ) 1927 
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been considered a pathologic process is in reaht\ probabh nothing more 
than aberrant phjsiolog} 

I ha\e succeeded in enlisting the interest ot m\ colleague, Dr. 
Helen Ingleb}, Professor of Pathologj at the \^oinans IMedical Col- 
lege, in this subject and the pathologic data in some of mj recent cases 
are hers I ha^ e labeled this a prehmmarj report, because time has not 
permitted a careful search of all of mj past cases from this point of 
lieu I feel justified, ho\\e\er, in the light ot uhat has been written 
and of what a rcMCW of some recent cases has shown m making these 
statements at this time, realizing that in so doing I am going back on 
m3 printed words of the past but one is justified at times in changing 
one s mind, e\ en in saentific matters 

Although the subject is chronic C3Stic mastitis, I behe\e that no 
adequate discussion of the subject can be entered into without first briefl}^ 
considering some of the more recent additions to plnsiologic knowledge 
of the cjcle of the mammarj gland, as well as other variations from 
the normal, such as adenoma, adenofibroma, fibro-adenoma and papillar}' 
cvst adenoma 

Somewhere between the menstrual cjcles the breast is m its resting 
stage, probabl} from the fitth to the fifteenth dav after the last menses 
At this time the fibrous stroma predominates tlie epithelial elements 
are onlj ducts and occasional acini In old women and obese voung 
women fat is also present The ducts are lined bv' two lavers ot cells, 
an inner la3er of cuboidal or columnar with nuclei that are small and 
stain deepty , and the basal cells that are smaller, and tend to be flattened 
As the next menstrual penod approaches, the cells become larger until 
the} divide and new ductules are formed branching out from the old 
ducts like twigs on a tree The epithelial border around the lumen 
becomes somewhat jagged and irregular, a change similar to that seen 
in tlie glands of the premenstrual endometnum iMeanwhile the sur- 
rounding fibrous tissue also softens, undergoing mv xomatous and h} aline 
degeneiation so as to allow for the expansion of the ducts Lobules 
are tlius formed which do not appear m the resting breast The limng 
epithelial cells sw ell, tlie protoplasm becomes v acuolated and the nucleus 
IS rounder and paler Similar changes take place m the cells of the basal 
lajer Secretion takes place into the ducts and. clinicallv in manv^ 
women the breasts become swollen and tender at this stage This then, 
IS the premenstrual phase, and about a dav or two before the onset of 
the menstrual flow, involution begins At tins time the epithelium 
degenerates and is shed into the lumen ot the ducts much the same as 
the superficial lavers of the endometnum are cast off dunng menstrua- 
tion Under the microscope, it is seen that the architecture of the 
lobules has been lost and thev have a curiouslv jumbled appearance 
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One now sees degeneiate epithelial cells, often \ arming in size and shape, 
intermingled nith lound cells and piolifeiating fibious tissue After 
the menses aie ovei these degeneiated epithelial cells are absorbed The 
breast is now in the postinensti tial phase ivhich is short, as in about five 
days after the menses the bieast again enteis the lesting stage 

If pregnancy intei\enes, lactation changes begin The breast hyper- 
trophies in the same wa} as it does in the menses, but to a much gi eater 
extent Numeious new acini aie now formed and the periductal fibrous 
tissue is pushed aside, and is no longei distinguishable from the peri- 
lobular connective tissue It is heie that the epithelial activit}^, of course, 
IS at its height Aftei lactation is ovei involution occurs, hyperplasia 
ceases, secretion is absorbed and the empt}' acini collapse because of the 
pressure of the elastic tissue on their walls Most of the acini disappear 
at this time but the gland neiei i etui ns quite to the normal virgin state 
Lactation Itypeitioph}, both of the fibious and the epithelial elements, 
remains to some extent Aftei the menopause further involution occurs 
It is of piime inipoitance that a suigeon have complete data of the 
menses and sexual life of the patient undei treatment, as I haie seen 
what enormous difteiences can be expected m the premenstrual, post- 
menstrual, resting, lactating postlactating and senile bi easts The amount 
of new giowth taking place in the mammary gland at each sexual cjcle 
IS astonishing Piemenstrual piolifeiation is much more rapid than 
carcinomatous giowth In all piobabihty, a hormone from the anterior 
pituitaiy body contiols the secretion fiom the graafian follicle and the 
corpus luteum of the oiari", which in turn controls the growth of bieast 
tissue Moszkowicz ® believes that giowth and regression during the 
sexual cycle in the bieast can sometimes be tiaced to ovarian dysfunction, 
and that the ovaries exeit a conti oiling influence ovei evolution and 
involution of the gland 

What aberrations might be expected if piopei giowth and involution 
were interfered with? Such interfeience might be local or generalized 
in the breast tissue Either epithelium or fibrous tissues, oi both, might 
take part in the abeiiant process It has been shown that local changes 
occur in the uteiine mucosa when inadequate development of the graafian 
follicle causes a chronic but localized hyperplasia of the endometrium 
Such a localized piocess in the uteius becomes a uterine polyp I belie\e 
that chronic local h3'pei plasia in the breast results in an adenoma 
adenofibroma if the epithelial elements are affected as well as the fibrous 
tissue, fibro-adenoma if the fibrous tissue predominates If the epithelial 
cells come to a stage of secretion, and the noimal absorption is for some 

6 Moszkovicz, L Sexual Cicle, Mastopathv and Tumor Growths of Female 

Breast, Arch f Uin Chir 144 138 , 1927 , Cvstic Disease of Breast as Precanccroiis 

Epithelial Proliferation, Virchows Arch f path Anat 262 531, 1926 
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reason mtertered \\ith c^sts ot the acinar t}pe \\ill occur It appears 
that cells shed normalU into the lumen of the ducts in the postmenstrual 
phase, do not pass in large quantities from the nipple, as it is known 
that such a discharge during menstruation is rare It the fibrous tissue 
was chiefl-s aftected, the ducts would trj to proliterate as the} do 
normal!} in the premenstrual phase, but the} would be pressed on and 
pulled out b} the fibrous tissue, and result in the ordinar} intracanalicular 
t}pe of fibro-adenoma If this process is carried further, the ducts 
become imaginated and there lesults a senes of projections within the 
lumen of the cant} co^ered b} epithelium If the ducts are distended 
b} unabsorbed secretion, the result is a papilloma 

One of the essentials of a benign tumor is that it must hai e a capsule 
In man} of jNIcFarland’s cases and in some of mine, careful pathologic 
examination did not reA eal a true capsule, e\ en though the surgeon felt 
that there was one at the time of its excision from the surrounding 
breast tissue Man} of the tumors are semi-encapsulated, showing 
complete contmuit} with a normal breast on one side and sharp demarca- 
tion from breast tissue on the other In some of the cases of localized 
aberrant ph}Slolog^, the proliteration of the fibrous and epithelial 
elements has been sufficient!} great to push the surrounding fibrous 
tissue aside to form a capsule If there is no attempt at localization and 
the same changes are w idespread, one finds chronic c\ stic mastitis or the 
abnormal involution of Warren, which I now belie\e to be the best of 
the man} names suggested Moszkowicz has grouped the aberrant 
ph} siologic changes under the term ‘ mastopath} , ’ but I cannot belie% e 
that for clinical usage this term will find as much faior as that of 
Warren It is true that some of these changes ha^e to do with abnormal 
e\olution rather tlian inAolution, but in the maiorit}, imolution is at 
fault It IS certainl} a tribute to Warren’s original obsen ations on this 
disease made mam \ears ago that, m m\ opinion at least, the name 
that he gave it is still the best 

There can be no doubt that carcinoma ma} der elop m a breast show ing 
abnormal imolution We do not believe now, however, that it happens 
nearly so frequentl} as we former!} thought, or that cause and effect 
hav e the same direct bearing Carcinoma, how ev er, w hen its origin can 
be traced, seems to arise in larger ducts, not in lobules, and we now 
believe that while this condition of abnormal involution ma} prepare 
the ground, so to speak, that in the vast majoritv of cases nothing 
further than the aberiant ph} siologic changes occur Untortunatelv , 
microscopic examination does not disclose whether a given lesion of 
the breast is carcinomatous or not, until it is advanced Pathologists, 
I believe, agree that there is absolutelv no wa} of recognizing a carcinoma 
cell other than b} its behav lor 
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CONCLUSIONS 

1 The fiist essential in dealing with bieast n i egularities is a real 
appreciation of the astonishing amount of epithelial and fibrous changes 
that normall} occui during the premenstrual, postmenstiual, lactation, 
postlactation, menopause and senile phases 

2 During the active phases of the life cycle of the gland, it is 
necessaiy that one has accuiate data conceinmg the time of the menstrual 
peiiod, in Its i elation with the appeal ance and development of the tumor 
in question, as well as all othei data which will put the case m point into 
one of the phases given 

3 Conseivatism is justifiable m dealing with abnormal involution, 
piovided one fully appieciates the somewhat raie development of carci- 
noma in such cases Any tumor that does not change with local treat- 
ment (support and mild counteriiiitation) aftei one menstrual period 
has been passed should be removed by local excision and submitted to 
a fiozen section, the pathologist choosing the pait to examine micro- 
scopically 

5 It theie IS reasonable doubt m the mind of the pathologist who 
has made this subject one of special interest, after microscopic examina- 
tion of the fiozen section, the surgeon should proceed with the radical 
opeiation as foi carcinoma 

6 Regal dless of the vast amount of inteiest which this subject has 
aioiised in the past, considerably moie evidence fiom experimental, 
detailed phjsiologic and pathologic souices is necessaiy before some 
of the statements made m this papei can be confiimed 

'ABSTRACT OF DISCUSSION 

Dr \ R Kilgore, San Francisco I have long felt that the cause of chronic 
ci Stic mastitis w ould be found bound up with internal gland hormone dysfunction 
Chronic cistic mastitis (abnormal involution) can be divided into two quite distinct 
t\pes in such a manner as to simplify the problem of its relation to cancer 
The one unuersal characteristic of all stages and types of abnormal involution is 
an increase in the number of individual gland units The first stage in the involu- 
tion ma> be shonn as a simple increase in number of acini, the lobules being larger 
than normal and closely packed With dilatation to form cysts, the epithelial lining 
ma\ react in two wars It may either remain smooth and eventually become 
atrophied or entirelj disappear, or the epithelium may be thrown into hyperplastic 
lolds and erentualh into a papilloma, composed of almost solid, atypical epithelium 
Cancer rrould not be expected from atrophied or absent epithelium, and I believe 
It IS now generall} accepted that cancer occurs in connection with the smooth- 
w ailed cr st of the first tr pe only as a rare incident Cancer would not be 
unexpected, and, I beliere, does arise from hjperplastic epithelium In the labora- 
ton at the San Francisco Hospital, there is a small group of thirty-five specimens 
ot the nonhr perplastic tape, none of which presented cancer at operation There 
are nine more or less extensue tumors of the hjperplastic type (nonencapsulated 
cr^tadenoma) in lour oi which cancer had already dereloped at the time of opera- 
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tion In three oi these tour cases the presence of cancer was proted hr metastasis 
or bt later known death caused b\ cancer Cancer not being lound at operation 
in one tape and such a higli proportion presenting cancer alreadr det eloped in 
the second Upc strongh suggest that tlie hrperplastic tape of abnormal maolution 
IS a definite prccancerous condition 

Dr J S HoRSLEt , Richmond, I'a Dr Rodman’s paper and Dr Kdgore s 
discussion ha\c been illuminating, and hare helped to clantr the subject oi chrome 
cvstic mastitis, which has been much confused and misinterpreted To sar, on 
the one hand, that there is no connection between chronic conditions such as this 
abnormal imolution m which there is sometimes a distinct tendencr toward hrper- 
plasia 01 the epithelium and toward cancer, and, on the other hand, to sar that 
certain trpes ot abnormal imolution, m which there is no hrperplasia ot the 
epithelium, hare a tendencr to cancer, is illogical One extreme is as bad as the 
other One knorrs that in other regions of the bodr chrome processes, rrhether 
one calls them mflammatorr or not, tliat are accompanied br a hrperplasia ot the 
epithelium, tend torrard malignant conditions m some instances There are, ot 
course, exceptions For instance, priman cancer practicallr nerer derelops on 
tlie soles or on the palms, eren tliough the palms are subject to irequent trauma 
probablj more than anr other region of the bodr It seems that this exception 
mar be due to biologic reasons or to tlie fact that the two tissues hare been 
subject to trauma in erolutionarr times and hare acquired a marked stabilitr 
A.fter all, the cancer cell is the result of instabilitr ot the tissue, and ot the 
inabihtj ot the tissue to control its constituent cells ^\ hen the stabilitr is 
marked as in the palms and soles, no amount of trauma seems able to cause that 
chaotic condition which is cancer In comparatireh modern conditions, modern 
from a biologic standpoint, trauma, or chronic processes that appear to accompanr 
cirihzation or result from it, frequentlj do not hare the proper biologic correctire 
influence that is necessarr to keep the cells rrithin bound I think it is undoubtedlr 
true that, occasionallr there is cancer m connection rrith chronic crstic mastitis or 
abnormal inrolution I bare had one or two cases ot mr owm which I think are 
quite definitelr pathologicalh pror ed, but to do a radical operation m practicallr 
all of the cases is unnecessanlr mutilating surgerr It seems to me that the 
grounds that hare been recommended fa> Dr Rodman and sugge--ted br Dr Ixilgore 
are admirable 

Dr J S RoDrirx, Philadelphia I am in entire agreement with Dr Kilgore 
and Dr Horsier , and rr ish to thank them for their discu-sion 
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Anomalies — Bagg ^ lepoited the results of e\penmental studies 
dealing with the eftect of loentgen and ladium tieatment for certain 
congenital hei editary abnormalities of the genito-urinary organs that 
were found in laboratory animals His data have been collected 
dining the last six years and are based on recoids of 5,600 necropsies, 
especial attention having been given to selective bleeding for renal 
detects One thousand and fifty-seven animals had defects of the 
kidney There were 1,000 animals, 519 males and 481 females, with 
one oi both kidne}S missing One kidney was absent m 630 animals, 
and both kidne}S were absent in 334 animals Twenty-five animals had 
a solitary kidney which was reduced m size Thirty-five animals had 
one h 3 'dronephrotic and one normal kidney There weie 11 animals 
with one h} dronephrotic kidney, the other was not present This 
summai} also considered 17 animals m which one or both testes were 
abnormal The elimination of a testis after biith has been traced to 
difluse hemorrhagic extravasation within that oigan, a condition which 
Mas noted a fev hours after birth, and the same testis was missing 
at neciopsv seieial months later 

Veil maiked anatomic abnormalities have appeared m the descen- 
dants ot male and female mice that have been submitted to treatment 
Mith roentgen rais, the defects breed true, are recessive m chaiacter 
and bchaie mainly as mendelian in inheritance These studies are of 
clinical significance m indicating that caution should be used in irradia- 
tion n\cr the region of the ovaries when the patient is pregnant 

1 Btsp H T Here<litnr\ Conijenital Anonnlics ot the Genito-Unn irt 
Orenns \ni T Sure 7 211 1929 
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1 his uilion ai ''0 applies to iiiatliation ot the gonads in men ■when 
the product ot these oigans nia\ enter into a pregnanc} at some 
iatei tiatc 

Onh the parent generation animals both males and temales, were 
iiiacliated The first tipe ot abnonnaliti to be toiind was the presence 
ot congenital defects ot the e\e in certain ot the tinirradiated descen- 
dants 111 the third and subsequent generations It has bred true for 
nineteen generations oier a period ot six lears In still later genera- 
tions peculiar terms ot detects ot limbs made their appearance, clubbing, 
s} ndact\ hsni, In podaet} hsm and pohdactalism being the most prominent 
ti pes B} selective breeding these abnormalities bar e also been inten- 
sified so that m certain litters as inanj as se\en ot eight roung hare 
shown one or more detcctne limbs 

The first t>pe of defect of the kidnei was noted when necropsi 
was performed on animals ot the fittli generation tliat were descendants 
of the group that had been irradiated Some ot these animals had a 
so-called sohtarv kidne) detect B\ breeding males and temales ot 
this gioup, the relatne trequenci ot incidence of this abnormahtr was 
raised from 16 75 per cent m unselected animalb to 57 per cent in 
litters m which both parents had the solitarr kidne\ defect 

Stones — Chwalla- renewed 143 cases ot renal stone and 91 ot 
uicteral stone from the citi hospital ot \'ienna Sixti per cent occurred 
in men and 40 per cent m women Substantiating Israel s obseiwation 
there w ere tw ice as man\ ureteral stones in men and onh 20 per cent 
more renal stones Fort\-one per cent were on the right side 46 per 
cent on the left and 13 6 per cent were bilateral Among the 55 cases 
ot ureteral calculi in men 65 per cent were in the pehne portion of the 
ureter 12 7 per cent in the iliac and lumbar portions and 9 per cent 
just below the renal pelns Among the stones m the lower part of the 
ureter, 19 were intramural and 15 were m juxtaposition to the bladder 
Of the 26 cases of ureteral stone in women, 19 (73 per cent) were m 
the pehic region, 2 (7 7 per cent) were m the iliac region and 5 (19 per 
cent) were m the upper part of the ureter Stones were not obsened 
in the lumbar region ot the ureter In 13 5 per cent ot the cases the 
stones were multiple Lithiasis is chief!} a disease of the third and 
fourth decades, and is sometimes obserred in the first and seienth 
decades 

Chwalla concluded that the output of indigo carmine (sodium 
mdigohndisulphose) does not give an accurate indication of the degree 
oi extent of the pathologic process present Eren m niarkedl} changed 
kidners function mar recover after remoial ot the stones Large 
h} dronephrotic kidneis (associated with stoncb) were noted to return 

2 Chwalla Rudolf Da= Spat^schicksal un-erer X'lcren- tmd Ureter-Iem- 
falle, Ztschr f urol Chir 26 157 1929 
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to normal capacit} attei a pciiod of \cai‘- Ob-'Ci \.ilioii‘^ did not show 
that a kidnej' in this condition had .nn icfltv oi to\ic influcm-c on a 
normal kidiie} In most cases, follrmini^ p\ clolithfhoiin , nephrolithot- 
omy, pyelonephiohthotomi oi nick lolithotoiin , tin indnjr) caniittie 
output of the aflected kidnc} is likeh to Ik come .ilniost nui mal soon alter 
opeiation In cases in which this does not oettir tlurc is usualU a 
recurrent stone oi a lemaminij stone hut seldom a badl\ injured kidnci 

Recuiicnt oi ovcilooked stones aie the mo-.t common cause of the 
continuation of an infection follow nut opei ilion '^e\enl\-two and two- 
tenths pel cent of the cases of leiial stone and 70 2 pel cent of the 
cases of ureteial stone weie tiaeed Jn si 75 jier cent of the case; 
of uieteral stone theie weie definite sitrns of ucurient calculus on one 
side or the othci Iheic was an meidence of recuirencc in cases in 
which opeiation w'as pcituimed ol at le.ist S per cent following p\elo 
lithotomj'', 36 3 pei centaftci nepiiiohtiiotonu anrl 7 4 percent following 
ureterolithotoni} Following nejdncctonn there was nn incidence ot 
16 2 per cent of stones m the lemainmg kidnei These data show that 
theie IS an aveiage of at least 18 5 pei cent lecurrcncc of stones 

[Compilers’ Note — Much has been wiitten receiUK on recurrence 
of lenal stones Cifuentes" found iccuiicncc of stones in onl\ 2 per 
cent of aseptic cases Ro\smg ' lepoited st.itistics relatnc to infection 
and recuiience In 44 (40 3 per cent) of 109 cases of nephrohthotoim 
there w^as a lecuiiencc, 58 w'eie aseptic case's, of which onlv 15 f2a8 
pei cent) lecuiied Nephiohthotome was perfoimed in 27 cases ot 
infected mine , theie was lecurience in 10 (37 pei cent) Jn 19 (79 per 
cent) of 24 cases in which theie weie micio-oiganisms of decomposing 
uiea there w'as lecuiience Theie wcic only 7 cases of pchiolithotoni), 
and in 2 of these the disease lectured Sixt} -eight per cent of all 
recurrences occui in infected kidnets It is interesting to compare 
twangs figuies with those in a senes of cases reported by Braasch 
and Foulds= Recurrence followmcl in 44 (11 S pci cent) of' 375 cases 
after pelviolithotoni) , 25 (24 pei cent) of 104 cases aftei nephro- 

ithotomy and 2 (4 1 pet cent) of 48 cases aftci combined nephro- 
pelviolithotomy 

Rafin lepoited a senes of cases in wdiich hthiasis rectiired aftei 
pyelotomy m 23 pei cent of the cases, aftei nephiotomy in 15 pei cent 
tei pr imal y nephrectomy in 3 3 pei cent In the combined series 


hthiasK; Sit/img Fernresultate der Operationen wegen Nephro- 

miiiasis, Ztschr f urol Chir 16 169, 1924 

for Kitlnpv' ^ Infection as Cause of Recurrence Following Operations 

Kidney Stone, Acta ch.r Scandinav 57 387, 1924 

lithiasis Foulds, G S Postoperative Results of Nepl>r° 

J d’urol 18 diverses interventions pour hthiase renale, 
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lithiasris rccuned attei p}eiotom\ m trom 0 to 25 per cent of the cases 
(aseptic) and in trom 7 to 50 per cent ot the cases (septic) , after 
nephrotomx in trom 3 2 to 17 per cent ot the cases (aseptic), and in 
liom 7 to per cent ot the cases (septic) and alter nephrectom} in 
irom 1 to 4 per cent ot the cases ] 

Thompson ' studied necropsj records ot 12 888 cases in order to 
leMcw the question ot the tormation ot stones m the kidner and ureter 
In this series some lesion occurred m the tinnarv tract in 2,200 Cal- 
culus formed m 162 cases The incidence ot the tormation of stone 
uas approximateir equal in tlie two sexes, especialh during the first 
decade of hte From the ages ot 11 to 40 hthiasis was more common 
among women than men but trom the age ot 41 its occurrence w'as 
greater in men Stone is more commonh tound on the right side than 
on the lelt in both sexes and is more commonh located in the pehis 
or calices of the kidne} than elsewhere iii the unnan tract 

Thompson commented on w hat he termed “trai eliing stone , ’ that 
IS, a stone m the kidnei which passes along the ureter and into the 
bladder, then through the urethra Bearing in mind the data noted at 
necrops} he concluded that stones trarel more treqiienth in women 
than in men and he noted m his clinical experience that a stone is 
impacted m the right ureter more commonii than in the lett in men 

In a third of the cases the stones termed on both sides Thompson 
did not gne much credence to the idea that hipertroph} of the kidnei 
on one side results in response to disease ot the opposite side, and con- 
sidered that this IS less common than is generalh thought Stones mar 
recur alter operation tor their remoral, a condition iisualh due to care- 
less or incomplete remoral ot the calcareous materials In three cases 
the stone rr as associated rr ith nerr grorvth and apparentlr rr as the caus- 
atire tactor in its formation 

Quinbr ® stated that unless there are external contraindications all 
renal calculi rvhich are too large to pass through the normal channels 
should be remored surgicallr The aim ot such operation should be 
to lemove the stone rrith as little destruction of renal tissue as possible, 
with free drainage of the kidnej assured Free mobilization of the 
kidne}’^, together rvith the use ot roentgenograms made at the operating 
table, makes it possible to cope rrith the problem presented m rr hater er 
rvay seems best The simplest attack on the kidner is that of p} elot- 
om} , the next in severitr’' is pr elonephrotomr and the most ser ere is 
exteiisire nephrotomr' Kephrectomr should be performed onlj in cases 

7 Thompson, A R Renal and Ureteric Stone Formation Gur ’s Ho=p Rep 
79 173, 1929 

8 Qumbr, C The Operatire Treatment oi Renal Lithiasi? Am J 
SuTg 7 234, 1929 
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in which the kidney has been tendered valueless by the disease After 
all obvious concretions ha\e been removed, furthei search by loentgen 
examination should be made in order to be sure that no pai tides leinain 
to serve as the nucleus for subsequent formation of stone Pai tides 
are best remoAed by washing and by the use of the negative piessuie 
tube A final roentgenogiam should show the kidney entirely free 
from shadoAA -casting mateiial Patients should be closely observed 
aftei operation, and eA^eiy effoit should be made to lestoie the uiinary 
passage to a steiile condition 

GiaA'es” lepoited a case to illustiate the lapidity with which lenal 
stones may deAelop in some cases The patient, a man aged 29, com- 
plained of lecent acute pain Examination levealed a stone 1 by 0 5 
cm in the middle of the left uietei, Avith incipient hydronephiosis above 
It A roentgenogiam also shoAAed the shadoAv of a minute concietion 
appal ently m the coitex of the kidne}' on the right side Infection oi 
other demonstiable abnoimahty of the uiinary S3'Stem was not present 
The ureteral stone u'as lemoA^ed Eighteen months latei, the patient 
letuined Avith lecurient pain Roentgenogiams shoAved a laige renal 
calculus on the left side, associated A\ath seveial smaller stones The 
urine fiom the left kidne}' was infected Avith Staphylococcus auietis 
The small fiagment of stone in the coitex of the right kidney had not 
changed in size and position as compaied Avith the picA'ious examina- 
tion Left nephiectom} Avas necessai) because of the stones and the 
extensive infection thioughout the oigan CoiiA'^alescence Avas satis- 
factoiy 

[Compilers’ Note — The question of the time necessaiy foi the 
formation of uiinaiA" calculus has been debated by man) uiologists 
Stones in the bladdei occasionally arise rapidly, paiticulaily Avhen a 
foieign body such as a catheter oi a supiapubic tube is present 
Instances of foimation of stone 4 oi 5 cm in diameter have occurred 
OAer a peiiod of from six to scA'^en Aveeks, betAveen the stages of piostat- 
ectoin) Cases haAC been reported of stones in the kidney gi owing to 
1 cm in diameter in tAvo months In one case a stone was obsen^ed 
OAcr a period of fiAC )ears At the onset it AA^as 6 mm in diameter, 
fiAC }ears later it completel} filled the pelvis, Avith destiuction of the 
kidncA and marked i eduction of function, necessitating nephrectomy ] 

Eisendrath and Aiens'® considered the difficulty m distinguishing 
betA\een shadoAAS of biliarA and renal calculi on account of the anatomic 

9 Gra\es, R C Rapid rornntion of Renal Calculus, New England J Med 
200 421, 1929 

10 Eisendrath D X and A.rens, R \ P\elograpln and CholecA stograpln 
as Vids m the Differentiation of Shadows Due to Renal or Biliarj Calculi, Surg 
Gmicc Obst 49 1 1929 
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i)ro\iinit} of the gallbladder and ktdne\ in normal persons The radio- 
graplnc ojiacit} or an\ calculus depends on the atomic eight ot tire 
constituents and the structure and thickness of the calculus Sott cal- 
culi are much less opaque than hard calculi The range ot migration 
ot bilian stones is iisualK greater than renal or iireteial calculi except 
in cases in c\hich the latter hare formed in a dilated renal pehis or 
uretci or both Choleci stograpln or prelograpln or the combination 
of these two methods is a \aluable diagnostic aid in distinguishing 
between bihan and renal stones Eisendrath and Aiens make multiple 
exposures b\ lotating the patient, because in some instances the sus- 
pected calculus mai appear to he in the gallbladder or kidnei, while in 
others its true position is at once eiident 

The opaciti of minaii calculi decreases according to the tollowing 
calcium carbonate, calcium oxalate, calcium phosphate magnesium 
jihosphate, uiic acid and urate crstine and xanthine and fibrin 

[Compilers Xote — With the ad\ent ot cholec\ stograph\ came 
another method ot differentiating shadows ot renal and biliarr origin 
Eisendrath pie\iousI\ repoited cases illustratn e ot the lalue ot the 
combined use ot the pielogiam and cholecistogiam As die shadow 
ot the gallbladder and the pielogram are toiind at times to orerlap and 
to include the shadow ot stone, the situation ma\ still be contusing, 
thus the use of multiple exposures at different angles with rotation ot 
the patient P}eloscop\ of manipulation ot the iodide-filled renal pehis 
under the fluoroscope, as is being de\ eloped b\ Braasch could probabh 
be applied with aalue m some ot these cases One can at once see the 
importance of using both p\eiograph\ and cholec\ stograpln m conjunc- 
tion w hen shadow s in the upper right quadrant ot the abdomen lead to 
confusion ] 

Tiinw) — Plant “ reported tlie case ot a w oman w ho had had calculi m 
the renal pehis, and in whom the epithelium ot the pehis and part ot the 
ureter w ere C) lindric The epithelium of the mucous membrane tormed 
glands which connected with an underhing stroma imitating the struc- 
ture of the intestinal wall At the same time the muscle tissue became 
hjperplastic A portion of this probabh originated from destroyed 
blood vessels and part from the wall of the renal pehis or trora the 
renal papillae The influence of infection in this process cannot be 
determined Renal atropln resulted from the concerted pressure of 
tlie pus, mucus and tumor Some of the tubules appeared to ha^e 
regenerated, and there w ere areas similar to the renal blastema 

11 Plaut, Alfred Diffuses dickdarmShnhehes Adenom dea Xierenbeckens mit 
gesch^^ ulstartiger A^'ucherung ^o^ Gefassmu-kulatur Ztbchr r urol Chir 26 
562, 1929 
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The tumoi desciibed cannot be identified by the liteiature It has 
some chai actei istics similai to exstiophy of the bladdei The similarity 
to intestinal stiucture must designate it as blastoma Teims such as 
heteioplasia, piotoplasia and metaplasia do not seem to explain the 
pathogenesis The presence of the lenal stone and the seveie infection 
can scarcely be eliologic factois To explain the diffuse extension 
thiough the uietei, pelvis and calices, multiple points of oiigin must 
be consideied 

Hunt and Hagei lepoited that of 271 cases of malignant lenal 
tumoi s in which the patients were opeiated on in the Mayo Clinic ovei 
a peiiod of ten 3 'eais, 241 weie tiaced In a gioup of 225 cases of 
adenocaicinoma, 199 weie tiaced In 177 nephiectomy had been pei- 
foimed and in 22, exploiation Of the 199 patients tiaced, only 73 
aie living, 62 weie alive aftei thiee years, 37 aftei five yeais, and only 
3 after ten yeais Theie weie 21 opeiative deaths The presence of 
a palpable tumoi was not found to influence the final lesult, unless the 
size pioduced difficulty in opeiations Radiotheiapy was given in many 
cases, but it was difficult to estimate whethei benefit was deiived 
liom It 

Theie weie 10 patients with saicoma, 8 of whom weie tiaced The 
aieiage age of the patients was 47 yeais The tumoi s weie large, and 
in the pyelogiams it was difficult to distinguish between lenal and extra- 
lenal tumoi s Nephiectomy was peifoimed on 7 patients, only 2 of 
whom aie alne One was opeiated on two and a half )'^eais later foi 
secondaiy giowth, the othei was healthy at the end of thiee years 
Radiotheiapy was given with no pioved beneficial lesult 

Malignant tumois occuiied in 13 children, 11 of whom weie tiaced 
The ages langed fiom 20 months to 7 )'eais All had palpable tumois, 
S on the light side and 3 on the left One patient is alive and healthy 
seven yeais latei, and anothei two yeais latei, with signs of lecuiience 
It was doubtful if ladiotheiapy affected the results 

Twcnty-thiee patients had epithelioma of the pelvis Of 12 patients 
tiaced, 8 had died One lived as long as nine yeais 

[Coinpilcib’ Note — The poor results of ladiotheiapy in dealing with 
am tvpe of icnal neoplasm, the ominous outlook foi sarcomatous 
patients with am toim of theiapeutic attack, and the 1 datively bad 
prognosis for malignant renal tumors in children summarize the con- 
clusions of these authois, which aie in accoid with the opinions of most 
im cstigators 

The eailicr the treatment is instituted, the more extensive the oper- 
ation and the more the tumor corresponds to the tape of adenocarcinoma 

12 Hunt V C and Hager, B H A Revieu of 271 Cases of Malignant 
Renal ‘Vcopla'ims S Clm V '\mer 9 149 fFeb ) 1929 



i'LL II II —I ROLOGIC SIRGER\ 


529 


t'l h\pt,nupliu>nii tin nime the ehance oi cure b\ radical surgical pio- 
tcduic^ V- lui (k^rci- lit iinlignanc\ the pure sarcoma and carcinoma 
U'-uali\ innk liivi tiu mixed cells ot Wilms’ tumors seen in children 
next md 1 i-t tlie In pei nephroid trpes The relatneh better outlook 
in dealing nith eul\ (i'lihehoma ot the renal pehis is shoun be Hunt 
md 1 1 igei ^ e ne- ] 


pAnn/' — considtied eanous methods ot recon- 
''tiueting In du'iH piirntK lend pehes among which he mentioned plica- 
tion lire te rope I\ le an ntuinosis and reimplantation In a normal 
pin -loiogie condition the iirctci is inserted into the deepest portion of the 
]iel\i' while in In drone j.liroMs it is otten inserted at a higher point 
i he object OI tile dike rent operatne measures is to repair so as to ehm- 
iii ite iin icsidiial in me in the renal pehis These operations rareh are 
suecessml cion in nniniecied ea-'Cs The lormation ot fistula or ot 
permephrie ahsce's iniialh results and in main cases secondare 
nephrcctonn becomes ncce-san 

In some cases tramiersopexia” had aided m the treatment tor the 
Indionephiosis In thn piocedtire the unnare tract is not disturbed, 
the kidnc\ is suspended m a transeei'C position to the major and minor 
psoas mu-elcs Tins technic mar eliminate pehic retention and m mam 
instances it «a\es the kidnej 

MacMin^^ stated that h\ dronephrosis and dilatation ot the ureters 
III children docs not occur trequentli It mae be unsuspected and 
oaerlooked and rapidh cause death The condition is marked bi dis- 
orders ot urination due to obstruction and to added intection A aahu- 
lar obstruction in the posterior urethra is more common than has been 
prcMOUsh behered and is the cause ot mam cases ot dilatatton ot the 
urmaiw tract heietotore attnbuted to other tactors The disease maa 
be associated with other congenita! abnormalities, whether in the unnara 

tract or elseaahere m the same child 

Tube, c.dos, s-Dozsa- commented on the effect ot pregnanca on 
I ubci CHIOS presented as serious an outlook to 

...berculos.s tuberculous Preguancr bas 

I deTete™” TeTon renal tuberculos.s A latent pnlmonarr process 

::,r b“L ncre an. u«ec. ^ 'noT b:i:L^b"f. 

r-et:::: trrcrrJt;* l t ac..ra.e. . „.e pre^anano 
Be,, s “ 

'■'l/M.ShrD T -■ "" 

310, 1928 
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without having given pievious symptoms Clinically, the eMdence 
seems to be that piegnancy may start a renal piocess just as it does a 
pulmonaiy one Piegnaney may cause an extension ot the tubeiculous 
process in the kidney to the cavernous form and cause an added absoip- 
tion of toxins to those which natmally accompany piegnancy and which 
are of gieat irapoitance to mothei and child Theie aie some cases on 
record in which the condition lemamed unchanged by piegnancy 

Nephiectomy is indicated if the process is unilateial Inteiiuption 
of piegnancy is not sufficient to aiiest the piocess In bilateial tubei- 
culosis or tubeiculosis of the lemammg kidney, teimmation of the pieg- 
nancy IS indicated, with conseivative local treatment Doza has obseived 
that women on whom nephiectomy' has been done go thiough piegnancy 
well 

[Compilers’ Note — Pugh lecently leviewed the liteiatuie on the 
association of tubeiculosis and piegnancy He found that in 69 pel 
cent of cases in which exacerbation of unilateial tubeiculosis occuiied 
dining pregnancy, aboition or nephrectomy became necessaiy immedi- 
ately Instead of inci easing the necessity foi conseivative tieatment 
in lenal tuberculosis, it seems that piegnancy contiamdicates it Intei- 
iuption of piegnancy does not stop the tubeiculous piocess, and this 
pioceduie is increasingly dangeious m later months Pugh lecom- 
mended nephrectomy in these cases Pregnant women stand the opei- 
ation well, and it is not moie seuous than when it is peifonned in the 
nongi avid state ] 

jNIaix^" made a study of piegnancy in lelationship to tubeiculosis 
of the kidney' and the bladdei, to isolated tuberculosis of the kidney, to 
nephiectomy with continuing tubeiculosis of the bladder and to tubei- 
culosis in the normal bladder after nephiectomy He observed that 
pregnancy aggravated the tuberculosis m each case, and in some instances 
a secondaiy infection fiom the colon bacillus took place If complica- 
tions arise, removal of the fetus may' be necessan 

ildbolz has perfoimed 660 nephrectomies foi lenal tubeiculosis, 
with an operative moitahty of from 2 2 to 2 5 pei cent In a series of 
140 consecutive nephi ectomies for renal tubeiculosis he did not haie 
any deaths In tracing 341 of his patients from ten to twenty-one years 
aftei nephrectomy foi renal tuberculosis he found that 40 per cent aie 
dead More than half of them died from tuberculosis of the remaining 
kidnei or from pulmonaiy tuberculosis The thud most common cause 
of death nas miliarv tuberculosis Fifty -nine pei cent of the patients 

16 Pugh, W S Tuberculosis of the KKlne^ in P^egn'lnc^, 'N.nn Surg 86 
591, 1927^ 

17 Mars, H Schwangerschaft und Nicrentubcrkulose, Beitr r khn d 
Tuberk 71 625, 1929 

IS Wildbolz Han-- Renal Tuberculosis, J Urol 21 145 1929 
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ul 'ind ili Inn > ln\c icmained cured ot the urogenital tubercu- 

loM" Mniobl di 111 in'- piticnls- who are alne more than ten }ears 
ailct ncplircetoiiA hue k'-'l their restcal SMuptoms and urinate nor- 
nnll\ 

Mcicl\ Ihidinir the ii'LiIlu-- ot tuberculosis in the urine is not suffi- 
cient Ciidcncc ni wlneli t<' mike a diatrnosis ot renal tubeiculosis Its 
pic«cnco ma\ be diu tu -u called tuberculous bacilluria Bacilli ot 
tubcrcnlo'is inn pi^' dinn^d' the kidnci and appear in the urine with- 
fiut chcitmg 111 ici 1 '''Cl >1 ic chillies in tuberculous tissue, and without 
caiieing tile nrIniiMure "t pu- in the '-ecietioii oi the kidnei Wildbolz 
<=tatcd that llic other miero-cinii. ob-ereations are important, and aboce 
ill the lemlt" ui the lunetiuinl te-t- -hoiild help to deteraiine the 


diamioi^is 

1 he healing ot chincalli ((eiiieii'-trable caseous renal tuberculosis it 
It occiirt IS cxti aui dinai 11' laie \ephrectoin\ in cases ot bilateral 
icnal tiiiiercuiosis is hardh e\ci ju-tiUed Remoral of the kidner 
ffiotild be limited to cases ot unilai-eial renal tuberculosis ildbolz 
expressed the beliet that gieatei aceiiiacr in diagnosing renal tubercu- 
losis will eliminate lutile and hariiittil pioeedures and tliat nephrectomv 
will bring permanent cure to niant sufterers 

Alcdlar expressed the behet that excietorr bacilluna does not exist 
unless iiiccratuo tuberculous lesions are present in the kidnei 
mar not be am outrrard mamtcstations ot renal tuberculosis InfecUon 
,s usualh bilateral and hematogenous He stated that some tuberculous 
lesions ot the kidner do heal Medlar agreed rr.th \ ildbok as to the 
indications for nephrcctonir and that .1 the lesion is bilateral remoral of 
one kidney is contraindicated Benign forms of renal tuberculosis ot 

ina.li arc not of lan origin 7^1 

Papin =0 stated that there are three cardinal SMiiptoms of renal tuber- 
/ as, .,11, Tt- nio-ht) pain during urination and 
culosis, ^requenc^^ ^^"efexceptions to this rule, w Inch constitute clinical 

A angles of renal tuberculosis He mentioned some ot tlie mam tipes 
xarieties oi reiu „ e,iK„miniina few a esical phenomena but 

Pinna m which there is fal e otten misleading the 

shghtl) cloud} urine wit 1 a “ ’ normal persons and is 

diagnosis Hematuria o ten appe^ar^m^^^^^^^^^ 

frequentl} a sign o a Tumor occurs especialK in 

ureter, complete hydronephrosis and closed pAonepliro- 

cases of excluded kidneis, su ■' ,^^^3 j3 ^^^e and is the result of 

SIS Chronic ^epbntis of remaining portion of the organ 

closed tuberculosis with sclerosis ui 

rtf "Renal Tuberculosi'^ T Urol 21 167 1929 

Z Papt' Les A-^reTchni.iies de la tube.cu,o-e r.nale Pan. med 
69 328, 1928 
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Renal tubeiculosis with incontinence larely occuis, it is more common 
111 children, when it occuis in an adult it is of great diagnostic value 

Dourmashkin has obseived that on the affected side in cases of 
renal tuberculosis the normal pelvic curve of the ureter is obliterated and 
the catheter goes up to the kidney in an almost straight line As mea- 
sured from the tip of the ischial spine, the distance from the cathetei 
to the side of the pelvis is usually greater on the affected side than on the 
noimal side Dourmashkin concluded that the obliteration of the cuivc 
of the pelvis is probably due to a shortening of the meter as a result of a 
tuberculous lesion If the sign is present in conditions other than tubei- 
culosis, ui eteropyelographic study should be carried out The condition 
has been observed in cases in which lesions aie not appaient Its fie- 
quent occurrence in jDatients with tuberculosis should lendei it of diag- 
nostic value in doubtful cases oi when the tubeiculous infection is not 
suspected 

Hypci plasia — Pack and Buz/anca,^- in a study of hydronephiosis 
and hyperplastic changes in the pelvic mucosa, inti oduced sterile pebbles 
into the renal pelvis of experimental animals From these experiments 
they concluded that hyperplasia of the transitional epithelium of the renal 
pelvis is a frequent and early response to the presence of renal stones 
Benign villous papillomas of the renal pelvis occasionally follow irrita- 
tion by renal stones This occuis latei than the moie common simple 
epithelial hypei plasia Uiinary stasis is suggested as one of the factois 
involved m the foimation of tumoi within the lenal pelvis 

Actinomycosis — Cumming and Nelson-® leviewed 9 cases of 
so-called primary actinomycosis of the kidney and added the data of two 
cases of their own 

Ihe uiinai} tiact is a lelatively common site of actinomycosis, which 
should be considered a systemic, not a local, disease The involvement 
of the kidney oi uretci is usually secondaiy When the process is 
appaientl} confined to the kidney, perinephric abscess is likely to occur 
Ihc disease is iccognized by finding the typical gianules m the urine, m 
pus from sujipurating areas or in the tissues themselves 

The prognosis is usually grave , m secondary involvement the disease 
IS so widespread as to be usually fatal, when piimary in the kidney, it is 
well advanced wdien treatment is undertaken Nephrectomy is the best 
treatment when applicable Roentgen therap}^ potassium iodide and 

21 Dourrmshkin, R L \ Roentgen-Ray Sign in the Diagnosis of Unilateral 
Renal Tuberculosis, T Urol 21 455, 1929 

22 Pack, G T , and Buzzanca, Ross Experimental Production of Epithelial 
lUperplasia of the Renal Pelvis, Am J Surg 7 221, 1929 

23 Gumming, R E and Nelson, R J Acfinomv cosis of the Urinarj Tract, 
Surg Gvnee Obst 49 352 1929 
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copjKi ^uiplntt. lu ui.Minniendc.d hut arc onI\ of iccc^‘-or\ \aluc attei 
^uriricil di ind iciiuival ot the atlcctcd organ 

— W ir^ch m lurthci chhoration ot eliminat- 
ing ca^c" tioin iIk '■n e died e-^ential hennturn cla'^s cited 3 cases in 
a\hich the hkeding w i" (.xpl lined In euhepithelnl henntonns in a chron- 
ic dl\ infianied ])el\ie w ill Macroscopic and micioscojiic evamination 
ni tile Kiial pareiiclnin i laikd to gne am clues to account for the pro- 
tiise hkeding I hese cises illusti ite the inipoit nice ot c\aniniing the 
entire kidiiei caitinlh hi lore clas-ii\nig the cise as one ot essential 
heiiiaturia 

LKI TI R 

/ till (I) — riioiiison \\ alkei - reported i cises in which nephrectonie 
w IS periorined lor i papillomatous growth in the leiial pehis and in 
which at the time the ureter and bladder apparenth were not imohed 
Papilloma oi the ureter and bladder de\ eloped later, necessitat- 
ing uretereetoim ind tre itmcnt in electrocoagulation Owing to the 
tact that uretereetoim was pertormed in these 3 cases within a 
period of six months one would he led to bclieae that papilloma ot the 
renal pcKis w as a condition increasing m Ircqucnci In a large propor- 
tion of the recorded cases it was noted that the growth spread to the 
ureter and to the wall of the bladder at the corresponding orifice of the 
ureter B\ performing ncphrectom\ the recurrence m ureter and blad- 
der might possibh be preieiited It is cudent that examination of the 
segment of ureter at the tunc of nephrcctom\ ma\ be misleading, and 
that remoaal of the ureter should be carried out simultaneoush with 
nephrectom^ w hen the condition ot the patient permits 

[Compilers’ Note — Recurrence of papilloma m the ureter and 
bladder f requentl} occurs At cj stoscopic examination the bladder maa 
appear to be normal Small papillomatous transplants maa be found 
protruding from or surrounding the ureteral orifice The papillomatous 
groavths in the renal pelais, as well as those m the ureter, are more com- 
pact than the transplants to the urinar} bladder iMost tumors ot the 
renal pelais are malignant histologicall) The transplants to the loaaer 
part of the unnar}^ tract extension to the adjacent tissues and local 
recurrences make these tumors all clmicalla malignant Because of the 
frequency aauth aa hich the ureter is mvola ed and the repeated recurrences 
after nephrectom} , complete nephro-ureterectoma is essential to insure 
ea en partial success ] 

24 Warsch, Ninon Zur Frage der sogenannten “essentiellen Hamatune” der 
Niere, Ztschr f urol Chir 26 339, 1929 

25 Thomson-Walker John Three Cases oi Ureterectoma for Papilloma 
aaith Comments Brit J Urol 1 141, 1929 



534 


4RCHIVES OF SURGERi- 


Uteteial Ti ansplantation — Lisovskaja"® noted that the mortality 
statistics of Russian surgeons in ureteial implantations to the rectum 
for benign lesions, such as fistulas and exstioph}, are about 31 per cent, 
those of the Majo Clinic are 20 pei cent He is of the opinion that the 
latter low peicentage m the Mayo Clinic is due to the two-stage opera- 
tion employed there In the Russian clinic the method is combined with 
a prepared autogenous raceme of the colon bacillus Two cases in which 
this method was used progiessed satisfactorily The interval between 
operations m one case was two months and in the other, six months 
Lisovskaja also repoited the cases of 3 patients who have remained well 
ten, twelve and fifteen 3 eais, lespectively 

[Compilers’ Note — Coft:e 3 ’-’s lecent derelopment of his technic of 
ureteral implantation based on clinical and expeiimental woik done a 
number of 3 '^ears ago leads us to hope that this opeiation will become 
better standardized and thus be made available to the average urologic 
surgeon in a lelativety short time From the Mayo Clinic come inter- 
esting and encouraging reports of cases in which the patients are thus 
satisfactorily tieated each year, with a definite lowering of the imme- 
diate and ultimate mortality C H Mayo was one of the first to use 
this operation in exstrophy of the bladder A number of yeais ago Kidd 
advocated total resection of the uiinaiy bladdei for iiiesectable neo- 
plasm, the procedure being pieceded by implantation of the ureter The 
moitality of the operation at that time was prohibitive so far as general 
adoption of the method was concerned If the mortality of ureteral 
implantation can be decreased to a relatively low degree, malignancy of 
the bladdei and piobably of the prostate gland can be more radically 
handled than our present suigical procedures permit The pei severance 
of American surgeons, led b 3 '- Cofl;e 3 and C H Mayo, in overcoming 
apparently msui mountable technical difficulties and in developing this 
field of surgery is to be commended ] 

Stiutuie — Frater and Braasch concluded, fiom a study of the 
data from 93 neciopsies, that the incidence of inflammatory stricture of 
the ureter is not so great as recent postmortem studies indicate and that 
diagnosis of stricture of the uieter b}' clinical methods now used ma 3 ' 
be iiiaccuiate The fact that the infectious origin of stricture of the 
ureter does occur is generall 3 f recognized, but no instance of this t 3 ’pe of 
stiicture vas obscr\ed in their series The greatest anatomic narrowing 
m the normal ureter usuall 3 " occurs within tlic first 4 cm from the 

26 Lisoiskajn, S Auf welchcm Wege ist die AforlTlilTt bei der Urctcren- 
implantation in den Darm herabzusetzen ^ Kuban naueno-med 7-8 40, 19?8, 
ab'itr , Ztschr { urol Chir 26 189, 1929 

27 Fraler, Kenneth and Rraasch F The Incidence of Stricture of the 
Ureter, Surg GMiec Obst 48 390, 1929 
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uictu il ('iilKi wIikIi cdi K'-jMimls to the area in \\hicli nioct blricturt-i 
h*i\e htui u)'uutcl \'-\nimelr\ in the Uio ureters was common m 
s(.\tial e isLs the e ihher ol one inctei wa'? 50 per cent e^ie.ater tlian that 
<'i the otlui although holh were normal on <4ross and mieroscopic e\am- 
ni ition Lutei U dii italion e\en when it ocenrb proxnml to a poition 
ol tile nretei with i eoiii]) n iti\( I\ «;mall lumen does not iiccessarih 
mdieite strictuu 1 In diluation in such c iscs ma\ be atonic and the 
lesult ol iiiiinisic eie unci il chniijes ni the wall ol the meter Stricture 
Is not iiecess-in to the loimition ol rend or ureteral stone 

I uhial — P>ump and Crowe*' examined 6 dogs at 

\ar\nitt Jieriods alter duisioii anel suture of the ureters The urine had 
been exeluded iioiii the sUe ol repair and the lull caliber of the ureter 
had been m niit lined Healing occurred witbout narrowing or appre- 
ciable dilat ition ot the lumiiia with a minimal scar, without change m 
the lenal pehes and without eeidence ol see ere injure to the kidnejs 
'Jen months alter i sunilar repair ol a ruptured ureter in a woman 
the ureter was lound to be onh slight!} dilated, the renal pehis anel 
cahees were not appreciabh altered 

Rtfhx — Giuber- cx]ieiimented with the intraeesical portion ot 
the ureter to determine whether there can be reflux ot unjie into the 
uretei irom the bladder He concluded that the intraiesical portion 
ser\es as a true \ai\e which acts passu cl\ and is not a sphincter depen- 
dent on musele tonus or muscle contraction In bladders of human 
Iiemgs cits dogs pigs and monkexs, haeing normal \ahes, regurgita- 
tion does uot occur, unlc«s the injection pressures are excessue and the 
eolume ot fluid injected exceeds that normalh lound in the bladder 
Cutting awa\ the ureteroeesical eahe permitted reflux of fluid from the 
bladder into the ureter m all bladder tests, except in one human bladder 
with a thick wall Stretching the mucosa of the bladder b\ injecting 
into the bladder excessueh large amounts ol fluid under high pressure 
shortens the rahes and in mam instances renders them incompetent 
[Compilers Xote — Grubers composite studj of the ureteror esical 
^ahe IS interesting especiallj fiom the standpoint of comparatue 
anatom\ The fact that the %ahe in the rabbit differs from that in other 
animals is important as the rabbit has been most extensueh used in 
experimental work m this field That the uretero\ esical orifice does 
become incompetent at times in the face of urinarj back-pressure such 
as is produced b} obstruction of the i esical neck, is attested to bi c\ sto- 
grams, which, as Bumpus and others have shown frequently indicate 
lefliix into the ureters Such reflux is also noted at times m the cisto- 

28 Bump W S and Croue S M Uretero-Ureteral -tnastomosis Surg 
Ginec Obst 48 346 1929 

29 Gruber, C M The Uretero- Vesical Vahe, T Urol 22 275, 1929 
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gram in the presence of a tabetic bladder oi when ci stogiaphy is cairied 
out under caudal or spinal anesthesia The practice of ureteral nieatot- 
omy, which formeilj enjoyed such a vogue, is todaj being nioie and 
more abandoned b} man}" urologists on account of subsequent reflux of 
urine into the uretei and consequent renal infection This is in accord 
with Gruber’s experimental observations ] 

BLADDER 

Tmnoi — Hunt®” lepoited that less than halt of the patients with 
carcinoma of the bladder seen at the Mayo Clinic aie amenable to the 
surgical proceduies of excision of the lesion oi segmental resection of 
the bladder 

The surgical excision of lesions aftectmg one oi the othei ureter has 
been difficult, owing to the necessity of properl} disposing of the meter 
Extensn^e segmental resections have been done with consequent im oh e- 
ment of a ureter or ureteral oiifice, and the uieter has been leimplanted 
into the bladdei or ligated with a nonabsorbable hgatme A lowei mor- 
talit} has attended ligation of the ureter, nephrectom\ on the affected 
side was required in only aliout 5 per cent of the cases Ascending 
infection has been the cause of about 30 per cent of the immediate mor- 
tality when the ureter has been reimplanted into the bladdei 

Surgical diathermy has been applicable in lesions of the base of the 
bladder which have been unsuitable for excision oi segmental resection 
It IS doubtful whether surgical diatheimy may be considered as superior 
to surgical methods in cases in which excision or segmental lesection is 
possible Hunt stated that a resectable lesion is moie successfully 
treated by surgical excision 

Qstectomy is feasible in only a few instances Lisuall} w"hen the 
lesion IS unsuitable for excision, resection or surgical diatheimy or other 
physical agents, C} stectomy is out of the question because of extravesi- 
cal extension, remote metastasis, partial or complete uieteral occlusion 
by the lesion, or the poor condition of the patient In 1923, 63 cases of 
c\ stectomy w"ere review'ed in which the mortalit} late was 40 per cent 

Disposition of the ureters has been one of the difficulties of C}steC' 
toil!} In some cases the operation has been facilitated b} preliminary 
ureterostoni}" to the loin or inguinal area In a numbei of reported 
cases in which the ureters were transplanted into the sigmoid or rectum 
simiiltaneousl}" w"ith C} stectomy, there was a high mortalit} rate The 
introduction of ureteral catheters into the ureters and taking them out 
through the c}stectom} wound, or to the suiface ot the skin, siinulta- 

30 Hunt, V C Transplantation of the Ureters into the Sigmoid, and C'S- 
tectomi for Carcinoma of the Bladder, Report of a Ca--e, Proc Staff Meet 
Clin 4 233 1929 
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iKOU'' w uh L\ ■'ti hi'' lit-tn i d iiimrous ]^i ('Ctdiirc because oi 
i^cendinc inueiiKn oi tlu KidiiL\'- T lie hie,di iiiort dit\ rite in tra^^- 
pl inf'tinn (It tlic utetei-' ^nnuItnneou'-K with cestectmue docs not justite 
it" u-e T- a one-'taere oj'ei Uion In nnhgmiit conditions transplantation 
oi nreler" i" ace<'inp-'nied h\ more ri-'k than when it is ncccssarx for 
'ucii condition- a- e\-trop!u ot tiie bladder or irreparable eesicoeaginal 
lisuila ^iinuUaiKOu- tr m-pl nit ition ot both nnter- is accompanied 
h\ create r ii-k than tian-plantation ot one ureter at a tune witli a 
nnniinuin ot two week- between opeiation« 

When conditions iu=tite c\-tectoin% it nia% he flonc with le-> risk 
It tile uretei - aie tr''ii-]i] nited into the Mcnioid one at a time, pr<.liinnian 
to c\-tectom\ and it the bladder i- reiiioicd =e\er'’l weeks latci alter 
cood rend tniietio.i nid uinian eontiol line lieeii c-tahli«hcd with the 
iirctei s in the -icmoid thus confniinc the ci 'tectomi entireh to an e\tra- 
]Kruoneal opei itioii 

I lames ‘ nul vhu 'i ^miple uniturm cla--ilication ot tumors ot the 
hi iddei IS needed he tore am definite and satislacton procedure ot treat- 
ment cm be an. lined I'lcii t\pc ot growth shouid be submitted to one 
plan ot treatment and the re-ults cnrelulK tabulated 

Endoie-ical lulguiation preceded b\ roentgen irradiation is the 
best treatmciu tor pajullonn and earh papillan carcinoma when there 
IS no c\ idence ot mfiltiation and when intractable c\ stitis is not a compli- 
citioii In doubtlul case- this procedure i- wortln ot trial In cases m 
which definite CMclcnce of infiltration CM-t- with the tumor faeorabh 
situated and not imolinig ureteral transplantation, and the patient is a 
good operatnc ii-k resection preceded b\ roentgen treatment is 
recommended 

For inoperable tumors roentgen irradiation tollowed b} intensue 
diatherme and be c\stotom\, ma} prolong hte Radium destroes the 
tumor in certain instances but it does not appreciable lengthen life, it 
has usualh added to the morbidite and hastened death 

Roentgen treatment should be administered betore ane other treat- 
ment as It does not intertcre with subsequent procedures, is harmless 
when properl} applied, and is of some ^alue in man} instances 

Hermann,^- m stud} mg a senes of 10 cases ot carcinoma of the 
gastio-mtestinal tract m the male noted that metastasis occurred in the 
unnar} bladder in onh 1 instance, whereas it occurred m 6 of 12 cases 
ot Krukenbergs tumor In these the bladder was imohed simul- 
taneous!} with the tubes and the uterus The ovaries seem to be a 

31 Haines, W H The Treatment of Bladder Tumors, Penn M J 32 
402, 1929 

32 Hermann H B ITetastatic Tumors of the Urman Bladder Originating- 
from the Carcinoma of the Gastro-Intestmal Tract, T Urol 22 257, 1929 
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detei mining factoi in directing metastatic foimation to the pelvic oigans 
When the ovarian tumoi is accompanied b}'- inr^olvement of the pelvic 
organs operative treatment is not feasible Symptoms lefeiable to the 
bladdei in cases of Kiukenberg’s tumoi arise fiom the caicinomatous 
infiltration of the bladder 

Kaufman stated that hematuiia is the most significant sign of cai- 
cinoma of the bladder and requiies C3Stoscopy if the patient is moie than 
50 yeais of age The disease is local, has little if any tendency to 
metastasize but has unusual infiltiative qualities The type of growth, 
the site and the structuial changes should be ascei tamed befoie tieat- 
ment is instituted Radical opeiation, tianspeiitoneal oi evtiapeiito- 
neal, offcis the only possibility of cine in cases in which the giowth is 
resectable, with transplantation oi high ligation of the uretei -when 
necessaiy Radium tieatment does not cure in fiankly malignant tumoi s 
With 01 without desiccation, it may be of A'aluc m treating small papil- 
lai}' tumors when employed thiough the cystoscope oi b} the supiapubic 
loute Roentgen iiiadiation is only a palliative measuie foi ])ain and 
occasionally foi hcmoiihage Surgical diatheimy is an excellent pioce- 
duie in suigical resection of a tumoi and is an efficient agent in checking 
the giowth of the neoplasm m inopeiable cases 

A significant S3'mptom of carcinoma of the piostate gland is pain oi 
uiinai3 difficulty, and lectal examination is essential if patients aie 
moie than 50 3'ears of age Metastasis and extension in piostatic cai- 
cinoma ovei shadow the lelatively small potential focus of inalignanc\ 
Radium is used eftcctiveh in limiting the ittuin of the giowth, and may 
be combined with a palliative opeiation foi the lelief fiom uiinaiy 
obstiuction Permanent suprapubic cystotomy, combined with ladium, 
gi\es the best general outlook Radical pi ostatectom3'' is limited to only 
a small group of cases of carcinoma of the piostate gland 

[Compilers’ Note — It wmuld appeal that in no field of uiologic 
thought is there so much controvers3'^ as that conceining A'^esical neo- 
plasms Operation, ladium, loentgcn ia3'’S, diatheimy and fulguiation 
have their proponents Dining the last few 3 ears total cystectomy wnth 
uicteial tiansplantation into the laigc bow'cl found an increasing number 
of advocates Most uiologists arc agiecd that smallei papillomas should 
lie treated 1)3 fulguiation As foi the rvalue and possible danger of 
biops\, theie is dispute but most men faior it Paitial CAStcctomy when 
])ractical and possible of being earned out with reasonable technical ease 
IS still widel3 practiced, but mam surgeons urge that this is done only if 
tumors aic well localized and of a : data eh low degree of malignancy 
Diathenm or electiocoagulation thiough an open c\stotom\ w'ound for 

it Kauftmii T K Tumors of the IJIidfltr tikI Pro life with Spcci il 
Rttcrince to C inter S Clin A' Amcr 9 701 D29 
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tumors of hi<;hn unii 4 iniK\ mu I)l i.s(.fl h(ipLtull\ Tins ho\\e\cr is 
ui)[ wnluuit <hiu(.i .u SOUK mslaiKts oi unrkcd slougliing are reported 
Uutenl imp! ml itmn mto ihe IinwiI as is ln.ing c'lined out In Cofte\ 
Tud nt du Mun CiuiK null nn e\er decreising mortaliti leads 11“^ to 
hope tliat e\entin!l\ tliu puteeihiie tollonedln total ci stectoun mil be 
the ^nhuioii 01 the ]iroMem ol dealing with eMeiisue tumors ot the 
hlande r 

Kunmm \nieis the ^eiiei d opinion lU lemrd to caremoma ot the 
pio't ite uland 11 k tdeoeates ol radie'a! prostatectonn are tar in the 
mmorite hut 1 lew surgeons such is i>'oung and lidbol/ report 
enough stKQss in e iih cues to make a consideration ot the procedure 
re 'son ible and noiiln oi t.i d m isolated instances m which the operator 
(iisco\eis m dign me\ m <1 glaiul that has preoperatueK been diagnosed 
as benign ] 

Harrison '* m reMeumg 17S cues 01 caremoma ot the bladder con- 
cluded that the best results aie obtained m selected cases, trom radical 
operation with resection ot the bladder and transplantation ot the ureter 
hen reecction n u ni'diuibie and the ease was not too adtanced or 
eoinphcated with metastasis i eeiinbination ot c\stotom\ diathemn and 
loentgcn irradiation resulted in inijinnenient ot the condition m 70 per 
cent of the cases and of ainchorition ot <e\mptoms m 90 per cent tor 
\aning lengths ot time 

Harrison also icaiewed 48 cases ot caremoma ol the prostate gland 
Operation is the procedure ot choice it the diagnosis ot carcinoma ot the 
gland can be made w hilc it is still confined w ithin the capsule Radium 
implants used in conjunction with loentgen rais prolonged lite and 
improaed s}mptoms in inoie than 70 per cent ot the cases 

Br^an reported a case ot sarcoma ot the bladder He noted that 
sarcoma comprises 56 9 per cent ot all infantile tumors ot the bladder 
Sarcoma of the bladder ina\ result as an extension ot growth trom the 
sui rounding structures and ma\ be of the round cell or spindle cell 
r ariet} , pedunculated sessile or infiltrating It is extreme!} malignant 
as eridenced b\ metastasis cellular changes irregulantr m size and shape 
and staining of the nuclei, abundant nuclei and mitosis The growths 
are most often situated about the tngone but it the\ are on the wall ot 
the bladder, thev bulge or hang like a cluster ot grapes 

There are two t'tpes ot sarcoma the pohpoid tumors, which hang 
bunchhke, are of rounded derations of mucous membrane with a more 
or less constricted base, and the infiltrating, general round cell or spindle 

34 Harrison, T G End Results of Caremoma ot Bladder and Prostate 
Gland, Penn if T 32 407, 1929 

35 Brian, R C Sarcoma of the Bladder Report 01 a Ca^e J Urol 21 
<595, 1929 
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cell sarcoma imolving essentially the connectn^e tissue planes of the 
bladder with wide and symmetric dissemination Occasionally sarcomas 
may be pedunculated, but they are usually sessile, with broad bases 
Metastasis is common in the retiopentoneal lymph nodes and in the 
structures about the bladdei Metatasis occui s only by the blood stream 
and by direct continuity 

The earliest and most leliable S)'mptom is hematuiia, which occurs 
m 62 pel cent The amount of hemorrhage apparentl} is not indicative 
ot the extent of the tumor 

Br}an referred to Munwes’ report of 69 cases of sarcoma of the 
bladdei , 38 patients died soon after operation, and only 3 were consid- 
eied cured 

Leukoplakia — Bugbee reported a case of leukoplakia in a divertic- 
ulum of the bladder The diverticulum, lying to the right of the bladder 
and posterioi to it, was resected The vesical orifice was thoroughly 
dilated The mucous membrane of the bladder was normal except foi 
moderate congestion Pathologic examination levealed leukoplakia-hke 
areas in the denser portion of the diverticulum 

Leukoplakia is almost always associated with long-continued, chronic 
infection, it progi esses slowly, and the only cuie is by excision It is 
apparently a necessary preliminary to epidermoid or squamous cell car- 
cinoma Bugbee stated that the possibility of its occurrence in a divertic- 
ulum of the bladdei is a strong argument for the eaily removal of a 
diverticulum by resection 

Exitiophy — ^Tuinei reported 17 cases of transplantation of 
meters into the bowel for congenital defects, nith 4 deaths (23 5 per 
cent) directly due to the operation One patient died more than three 
3 ears after operation and another moie than two 3 'ears, both having 
been in good health during the interim Of the remaining 11 patients, 1 
IS included twice, which leaves 10 patients alive and well at periods 
^ar 3 lng from fifteen 3 '^cars to seven months after operation In most 
cases the operation was performed in two stages, a total of twenty-eight 
separate operations, making the mortality 14 3 per cent Considering 
that there were t\\ent 3 -nine separate transplantations of the ureters, 
with four deaths, the mortality is 13 8 per cent In a series of 60 cases 
in the ]\Ia} o Clinic the mortality was 13 33 per cent The cause of death 
in 3 of Turner’s cases w'as peritonitis The fourth death occurred in a 
clnld aged 1 3 eai and 4 months from general septic dermatitis 

36 Bugbee, H G Leukoplakia in a Diverticulum of the Bladder, J Urol 
21 395, 1929 

37 Turner, G G The Treatment of Congenital Defects of the Bladder and 
Urethra b\ Implantation or the Ureters into the Bowel, with a Record o 
Serenteen Personal Cases, Brit J Surg 17 114, 1929 
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Fatalities usualh ha\e occurred either when both ureters were trans- 
planted at one time, or after the transplantation of the second ureter 
in the divided operation In general. Turner’s operatue technic is sim- 
ilar to that emplo} ed b^ C H Ma} o and by Coff e} 

The general health of the 10 sunnvmg patients was found to be 
practicall} normal It sometimes takes months or eren as long as two 
)ears before patients become accustomed to the altered state jMean- 
w Inle, the} are acquiring complete rectal toleration, and the kidne} s are 
presumabh accommodating themsehes to the element of constant mild 
infection The time required for the low er part of the bow el to become 
accustomed to the presence of urine and to the unusual amount of fluid 
IS variable The } ounger the patient, the less the control at first Alter 
the second stage of the operation, toleration at night comes rather 
quickl} Immediatel} after the operation and for the first dar or ti\ o, 
the urine seems to flow constantly from the anus Ow mg to the tact that 
the presence of a foreign body in the anus is great!} resented, Turner 
does not ahva} s persist m keeping a catheter in the bow el Once tolera- 
tion has been acquired, most patients can retain urine for sei eral hours 
during the da} , and nearly all night, w ithout discomfort The a^ erage 
length of time w^as ascertained to be three hours , the longest period w as 
four and a half hours Most of the patients get up once at night, some- 
times tw^o or three times 

None of the patients of this senes showed definite eiidence of gross 
renal insufficienc} That some degree ot ascending renal infection 
deaelops is borne out b} the fact that m two postmortem im estigations 
there was definite, gross eMdence of its existence, although neither 
patient suffered from s} mptoms indicating its presence Among the 10 
living patients there are 3 who at seaen a ears, three }ears and three 
months, and eight months after operation had not suffered from S}-mp- 
toms of renal intection A moderate degree ot renal infection appar- 
entla IS not inconsistent aaith aa erage good health Turners patients 
are in good aaeiage health and able to aaithstand the trials of their ordi- 
nar} enaironment Sea eral of them successful!} underaaent operations 
under general anesthesia aa ithout unusual s} mptoms One patient aaas 
not more than ordinarila disturbed b} pregnanc} and lactation The 
fact that both patients a\ ho died after operations subsequent to the trans- 
plantations showed acute renal infection added to the gross and long- 
standing changes, is not m his opinion ea idence that thea aa ere suffenng 
111 that aaay before their fatal illness 

Ruptuic — Sisk and M ear reported a case of spontaneous rupture 

of the uiinara bladder ot the extraperitoneal tape There are taao t}pes 

3S Si'^k, 1 R and ear, T B Spontaneoii' Rupture oi the Urinar\ Blad- 
der, T Urol 21 517 1929 
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of spontaneous luptuie of the bladdei, the extrapentoneal and the intia- 
pentoneal, depending on the site of the perforation Extiaperitoneal 
lupture IS less common and less gia^e than the mtiapeiitoneal type 
The etiology of spontaneous lupture of the bladder depends on some 
obstruction to urination or interfeience with the nerve supply of the 
bladder, resulting in distention of the bladdei The secondaiy factor 
IS usually pathologic change in the wall of the bladder 

S}mptoms and diagnosis depend on whether the ruptuie is intrapeii- 
toneal or extrapentoneal In eithei type, the history of previous uiinaiy 
difficulty and the finding of some t3pe of obstruction is significant In 
the extrapentoneal cases there is pain and swelling above the pubis, 
which soon results m the foimation of pus Because of the seriousness 
of the mtiapeiitoneal t3pe, eaily diagnosis is important At the time 
of luptuie, the patient usually experiences sharp abdominal pain and 
some shock Noimall3'' there is marked desire and difficult3f of urination 
The treatment in both t3'pes of spontaneous ruptuie of the bladdei 
IS immediate operation In extrapentoneal ruptuie, if the condition of 
the patient permits, good results aie obtained b3’- the introduction of a 
suprapubic tube and lelief from the direct cause In the intraperitoneal 
ti pe the abdomen should be opened and drained, and the opening in the 
bladdei closed in la3erb, with adequate drainage provided b3'' an indwell- 
ing urethral catheter or a suprapubic tube 


(To be concluded) 
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THE RECOGNITION OF ELEPHANTIASIS AND OF 
ELEPHANTOID CONDITIONS BY SOFT 
TISSUE ROENTGENOGRAPHS 

W ITH \ REPORT OX THE PROBLEM! OF EXPERIMEXTAL LT HPHEDEM A ““ 

FREDERICK LCET REICHERT, MD 

S\\ FR\NCISCO 

Although elephantiasis has been described tor centuries tlie imohe- 
inent ot the hmphatics in this disease vas not recognized until the 
extent of the h mph channels in the bodj had been rer ealed b) the ork 
ot man} anatomists and until plnsicians m the tropics had found filarial 
oiganisms blocking the hmph ressels and h-mph nodes 

THE LYMPHATIC SYSTEM 

The universaliti ot this system throughout the bod} nas vaguel} 
lecognized in the eighteenth and nineteenth centuries Until recenth, 
knowledge of the Emphatic s}stem r\as limited to anatomic studies of 
these thin walled r ah ular r essels in r arious parts of the body as dem- 
onstrated b} the injection method It i\as known also that there were 
two sets of l}Tnphatics m the extremities a superficial and a deep group 
which eientuall} drained into deeph situated hmph nodes This is 
nell illustrated in an old chart (fig 1) 

Of the mam anatomists who hare studied the hmphatics, one feels 
that if Wilham Hunter had Ined a little longer, he and his pupil 
Cruickshank would liaYe contributed an earlier understanding ot the 
importance ot this s}stem in its relation to the lascular si stem and in 
Its econom} m bod} function B} Hunters death the work was left 
to Cruickshank, who, hampered b} lack ot tunds, was able to prepare 
onh a feiv sketches to illustrate his monograph on the hmphatic S}S- 
teni In the \\ illiani Hunter IMuseum in Glasgow the man} beautitul 
specimens of hmphatics filled with mercun stand todai as read} to be 
carefulh described and coi related as when thei were prepared oier a 
hundred rears ago 

* Submitted for pubhcition Oct 28 1929 

' From the Halsted Laboratorv ot Experimental Surger\ Staniord Unnersiu 
Medical School 





544 


ARCHIVES OF SURGERY 


It leinained for others in this countiy to repeat the injections made 
by these Glasgow anatomists The first approach by modern investi- 
gatois was made by studies of embryonic injections Just as the oiigin 
of the aiterial and venous systems had been levealed by embiyonic 
studies, so the investigations of a numbei of woikeis, notably Sabin 



I ig 1 — Old clnrt of the Ijmphatic sjstcm, showing the superficnl and deep 
sets of hmphatics in the extremities which eventually dram into deeply situated 
hmph nodes 

and her pupils, present a fairly complete picture of the origin of the 
hmphatic svstein and its correlation with the lymphatics in the adult 
It IS known that as modified leins, Ijmphatics have a specific function 
in absorption although the complete physiolog} of this system is not as 
vet established 
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The present teaching concerning Ijmphatics makes them a sjstem 
as objective and definite as that of the arteries and ^elns Just as there 
aie definite blood capillaries, so there are definite limphabc capillaries 
and tissue spaces Sabin ^ suggested that if the name “plasma” is 
resen ed for fluid uitliin the blood lessels, “Ijmph” for the fluid iiithin 
the lymphatics and “tissue fluid ’ for the fluids of the tissue spaces 
conceptions Mould be gieath clarified Just as blood capillaries groM 
through proliferation of their oivn nails and regenerate nhen dmded, 
so do the Ij-mphatic capillaries regenerate a little more slonl} than the 
reins Infection and scar tissue interfere mth the grondh of blood 
capillaries and likemse hinder the regeneration of hmphatic capillaries 
The importance of the hmphatic system in the maintenance of cir- 
culator} balance has been emphasized by Halsted - and I har e shon n it 
experimentally ® A limb in its normal state requires a balance of the 
efferent vessels of die arterial s}stem mth the afferent ressels of die 
h mphaticovenous system A disturbance on the afferent side mar lead 
to edema as a result of renous or capillarr derangement or it maj be 
caused b) l)mph stasis Frequendi tins edema is due to disturbances 
of the interdependent hanphatic and Aenous s} stems 

THE EDEMAS 

True l}’mph edema caused by dnision or blockage of l}-mph chan- 
nels, usuall} involves both the dermal and the subcutaneous structures 
but not the deeper tissues It produces a bran ny, leather} condition of 
the integument, and the dermal distention often gn es an “orange peel” 
appearance to the surface of the skin There is no definite pitting on 
pressure of the skin It occurs after bilateral glandular dissection of 
the neck particular!} on the facial side of the incision and is not ei ident 
until the second postoperatn e day It usuall} subsides completely \vithin 
a iveek or ten days but may persist for tivo iveeks or longer if the 
1 egeneration of l}Tnphatics across the w ound has been delayed by poorl} 
approximated tissues or b} infection L}mphedema is sometimes seen 
m carcinomatous breasts, and it ma} produce the enlargement found in 
Milroy’s disease, although in two of the three cases of this disease 
w'hich I ha\e seen, infection had been superimposed on this condition 
Clark and Clark ^ experimentally produced generalized hmphedema b} 
remoi al of the h mph hearts in embr\ os 

1 Sabin, r R The Growth of the Lj mphatic S\ stem, The Han e% Lectures, 
1915-1916, Philadelphia, J B Lippincott Compam, p 124 

2 Halsted, \V S Replantation of Entire Limbs Without Suture of Vessels, 
Proc Nat Acad Sc 8 1S5, 1922 

3 Reichert, F L The Regeneration of the Limphatics, Arch Sure 13 871 
(Dec ) 1926 

4 Clark E W and Clark, E R The Character of the Limpliatics m 
ENpennicntal Edema, A.nat Rec 21 127 CMai ) 1921 
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Vasculai edema, pitting edema oi “drops},” piesents a diffeient pic- 
tuie This edema exists throughout all the stiuctures, especially in the 
subcutaneous tissue and muscle, and does not paiticularty involve the 
dermis The skin is tense and smooth and pits leadily on pressuie 
The edema is usually more marked in the lowei extremities or limited to 
them, although it may be generalized It diminishes readily when the 
pait IS elevated It is geneially the result of capillary damage and 
stasis in cardiovascular oi renal disease and can be produced by division 
01 blockage of all the veins to a part 

Neither lymphedema nor vascular edema, even of long duration, will 
lead to a proliferative change and deposition of fibious connective tissue 
When, however, infection or toxemia is superimposed on a deiange- 
inent of the lymphaticovenous system, a condition of elephantiasis may 
develop 

ELEPHANTIASIS 

Matas ^ gave a comprehensive definition and desci iption of this con- 
dition 

By elephantiasis we mean a progressne histo-pathologic state or condition 
winch IS characterized by a chronic inflammatory fibromatosis or hypertrophj of 
the h 3 ^podermal and dermal connective tissue which is preceded by and associated 
with lymphatic and venous stasis, and may be caused by any obstruction or 
mechanical interference w'lth the return flow of the Ijmphatic and venous currents 
in the affected parts In order to bring about the hypertrophy of the connective 
tissue, which is the distinct feature of the true elephantiasic state, the mechanical 
impediment to the l>mphatic and venous drainage of the part is not sufficient, 
because a simple mechanical obstacle, while causing a regional or localized dropsy 
or lymphedema, will not bring about the characteristic fibromatosis and other 
histologic changes which are peculiar to elephantiasis As Unna, Darier and many 
others ha%e well shown, a simple mechanical edema is incapable of exciting a 
proliferation of the collagenous connective tissue We know by clinical observa 
tion that edema may exist many years in the extremities and other parts w’lthout 
causing any fibromatosis or hyperplasia of the connective tissue of the parts 
Something more than Ijmph stasis is required, and that something is infection 
with pathogenic organisms, and especially those of the streptococcal type which 
find a favorable soil for development in the stagnant Ijmph stream The histo- 
pathological elements which are essential to complete the picture of elephantiasis 
are (1) a mechanical obstruction or blockade of the veins and lymphatics of the 
region, usually an obliterative thrombo-phlebitis or l}mphangitis or adenitis, 
(2) hjperplasia of the collagenous connective tissue of the hj'poderm, (3) gradual 
disappearance of the elastic fibers of the skin , (4) the existence of a coagulablc 
dropsj or hard Ijmphedema, and (5) a chronic reticular Ijmphangitis caused b> 
secondarj and repeated invasion of pathogenic microorganisms of the streptococ- 
cal fjpe 

5 Matas, R The Surgical Treatment of Elephantiasis and Elephantoid 
States Dependent upon Chronic Obstruction of the Lvmphatic and Venous Chan- 
nels, Am J Trop Dis & Prev Med 1 60 (Juh ) 1913 
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We ha\e now come to reali7e that ■tthate\cr the cause of the hmphedema ma\ 
be, the element of mtection is the one essential and determining factor m the 
production of true elephantiasis In fact, it we accept the news ot manj writers 
such as Le Dantec, Sabouraud and Unna, the progressue fibromatosis which we 
recognize as elephantiasis nostros, mar occur independentK of anj stagnaton 
state of the hanphatic or lenous circulation, and soleh as a result of repeated 
attacks of a streptococcal infection, which has been regarded hr mam as identical 
with the ensipelas coccus of Fehleisen Moreoier, the streptococcal infection of 
elephantiasis presents all the characteristics of the classical cutaneous ensipelas 
with the exception that in elephantiasis it is usualK limited to one particular 
region in the lower extremiti, the eruption rareK extending beiond the groin 
That it IS m the highest degree probable that the true sporadic cases of 
elephantiasis develop from incompleteh healed ensipelas — ^that is, those which 
leave behind disturbances in the circulation The streptococci remain latent m the 
tissues and in this wav excite the chronic proliferative tissue changes which we 
subsequently recognize as elephantiasis At first the attacks of en sipelas occur at 
long intervals, perhaps twice or three times a vear, then once a month, rarelv 
oftener Each time the limb grows larger until in the course of time a distinct 
elephantiasic state is established Natural immunitj does not appear to be easih 
acquired, and once the ensipelatous habit, so-called, is acquired, it usualh 
becomes a permanent feature of the disease, though m some cases the attacks 
become milder and disappear altogether, but not until the elephantiasic state is 
fully established 

Halsted,® in considering tlie swelling of the arm after the radical 
operation for cancer of the breast, showed “that excision of the axillarv 
and supraclavicular glands plus resection of the subclavian and axillarv 
veins IS rarely followed by noticeable sw elling of the arm On the other 
hand we do not deny that obstruction of these Ijmphatic and venous 
channels might conceivabty alone, without infection, suffice occasionallv 
to produce a moderate amount of oedema ” His records tend to show 
that in all cases in which the swelling in the arm persisted, infection 
had been the mam factor in its production and he termed this chronic 
indurated enlargement, elephantiasis chirurgica As he pointed out 
many of the patients gav'e an account “of recurrent attacks of redness 
and increased swelling accompanied bv digestive and constitutional dis- 
turbances These attacks not mfrequenth ushered in bv^ chills and 
tever” occurred at infrequent intervals from months to jears apart 

This reaction, which accompanies the appearance of the local erv- 
sipelatous rash, is what Sir Joseph Favrer termed elephantiasic tever 
As Matas stated 

The fever usualh lasts from two to eight davs and defervesces with the sub- 
sidence of the er\ sipelas w Inch rarelv extends bev ond the root oi the limb During 
the attack, the skin of the affected region becomes red, painiul, swollen and 
looks exacth like the cr\ sipelas rash the hmph nodes are enlarged and the red- 

6 Halsted It S The Swelling of the Arm Alter Operations lor Cancer oi 
the Breast — Elephantiasis Chirurgica — Its Cause and Prevention, Bull John' 
Hopkins Hosp 32 309 (Octl 1921 
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ness diffuses itself uith great rapidity over the entire surface of the limb After 
the subsidence of the attack, the skin remains swollen, giving the impression of a 
soft, doughy oedema The soft consistency gives place to a more permanent 
hardness, the skin of the affected part never returning to normal The underlying 
soft parts unite with the skin, which increases very much m thickness, forming a 
firm, immovable mass of tissue which continues to grow until it finally assumes a 
monstrous size nhich is characteristic of the disease 

Beitwistle and Gregg" agreed that elephantiasis develops only “in 
cases of solid oedema aftei attacks of fever and l3TOphangitis ” Con- 
sideiing the patholog)'^ of the disease, they stated 

It appears necessarj, therefore, that not only must there be a transudate of 
Ijmph, but that it must be changed in some way, as happens when it becomes 
an exudate as the result of inflammation It has been shown that the lymph 
exudate m cases of elephantiasis is charged with albumin, and, as protein is a 
stimulent to cell activity and growth the key to the hypertrophy and hyperplasia 
probabh' lies in Starling’s description of the function of lymph “The only 
aj' the tissues can receive their supply of protein is from the small amounts 
which are filtered through the blood vessels into the lymph The increased exuda- 
tion of concentrated Ij mph which occurs in inflammatory conditions as the result 
of injury is therefore of advantage, since it furnishes an abundant supply of pro- 
tein food to be used up in the regeneration of the damaged cells ” In elephantiasis 
the affected part receives an increased supply of protein as the result of recurring 
attacks of inflammation, and it is suggested that this protein, instead of merely 
helping m the process of repair, serves by its continuous or prevented action to 
stimulate the connective tissues to excessive growth 

Some writeis think that the toxemia produced by the death of the 
filarial organisms, lathei than the infection, is the factoi in causing 
elephantiasis tropicum Beitwistle and Giegg mentioned a case reported 
hy Manson-Buhr in which elephantiasis followed the toxic absorption 
of chrj^sarobin in the treatment for psoriasis I have the records of two 
cases in which excision of the axillary l3miph nodes was done, and in 
which incipient elephantiasis was present due to repeated attacks of 
malaise, fe\er and vomiting associated Avith pain and swelling of the 
affected extremit3^ following the eating of shellfish The excision was 
done in one case for carcinoma of the breast, and in the other for epi- 
thelioma of the hand 

EXPERIMENT \.L WORK ON ELEPHANTIASIS ® 

According to Unna,“ it would seem that Bockhart, Sabourand, Le 
Dantec and others haie tested the development of elephantiasis in man 

7 Bertwistle A P, and Gregg, A L Elephantiasis, Brit J Surg 16 267 
(Oct) 1928 

S The earlier portions of this in% estigation were carried on in the Hunterian 
Laboratory of Experimental Surgerj, Johns Hopkins Medical School, with the 
assistance of Dr Mont Reid and Dr C Y Bidgood in 1920 

9 Unna, P G The Histopathologv of Diseases of the Skin (Translated bj 
X Walker), Xcw York, The }tlacmillan Company, 1896, p 493 
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b\ inoculation ot pure er) sipelas cultures, but so far as I knou experi- 
mental elephantiasis has ne^ er been produced in animals 

Attempts to produce elephantiasis m experimental animals uere 
initiated by Protessor Halsted m conjunction iMth his study on ele- 
phantiasis chirurgica following radical mammarj amputations The 
posterior extremities ot cats and dogs w ere chosen as the most satisfac- 
tory operatue area, and we first tried to produce edema by complete 
excision of tlie iliac and inguinal lymph nodes witliout success Nor 
did it occur following ligation of the iliac or the femoral lein with exa- 
sion ot the regional hmph glands We then attempted blocking the 
lymphatics by injections ot gelatin, agar, paraffin, celloidm, bismuth and 
India ink into tlie lymphatic channels and hanph nodes Only a slight 
transient swelling tollowed these methods of mjecbon 

Finally, Professor Halsted suggested a transrerse dmsion of the 
thigh as a means of ser ermg all lymphatics The first experiment w as 
made by Dr jMont Reid and as he feared possible gangrene only a 
hemicircular dnision of the thigh was done Again only' a lery slight 
edema appeared, and as neither gangrene nor infection de\ eloped, the 
rest of the limb was severed ten days later, learang only the femur, 
femoral artery and vein intact A definite swelling occurred distal to 
the incision and persisted for se\eral days and for the first time a 
marked lymphatico\ enous edema had been secured 

With improred technic a complete severance of the tbgh bv circular 
incision w'as performed at one operation, leaaing m continuity only' the 
carefully^ denuded femoral artery and lein and the lemur stripped of 
periosteum (fig 2 in my previous w'ork ®) All bleeding points m the 
muscle were tied off with fine silk and the limb was replanted by careful 
approximation of tlie aponeurosis of each muscle with interrupted fine 
silk sutures The subcutaneous tissue and skin w ere likew ise approxi- 
mated w'lth interrupted silk sutures As a result of tlie most rigid 
aseptic technic and gentle handling of the tissues, these replantations 
healed per primam and w ith a minimum of scar formation, in the great 
majority of the experiments 

Imanabty edema appeared in the replanted hmbs on the second 
postoperatii e day, reached a maximum on the fourth or beginning of 
the fifth dai and had subsided completely by' the seventh or eightli day' 
(fig 2) B\ the use of Hill’s opaque roentgenographic mass injected 
into the arterial system, new arterial anastomoses were demonstrated at 
the end of the second da^ and were numerous on the third postoperatue 
dai When a wann gelatin ma^s of lead chromate was injected through 
the arteries md capillaries into the lenous si stem of the limb' new 

10 Hill, E C Xotcs on Opaque X-ra\ Mas= Bull Johns Hopkins Hosp 
35 21S (Juh) 1924 
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venous anastomoses across the leplanted area weie evident at the end 
of the fourth and the heginning of the fifth da} just when the swelling, 
as indicated by measurements, had reached a maximum oi was beginning 
to subside Further proof of venous legeneiation was shown by the 
fact that for the first time since replantation, ligation of the only patent 
venous channel, the femoral vein, could be attempted without the devel- 
opment of gangrene This proceduie did not cause further edema, m 
fact, there was a delay of onl)'’ one or two dai s in the subsidei^ce of the 
swelling 

A previous report ^ offers these replantation experiments as a com- 
paratively easy method for investigating the legeneiation of both the 
superficial and the deep sets of lymphatics undei what may be consid- 



Fig 2 — Photograph of a replanted limb when the lymphaticovenous edema was 
about maximum 

eied 1101 mal conditions The eaihest lymphatic regeneration was 
shown to be four days after operation, at which time the new venous 
channels were also being formed These new lymphatics were demon- 
strated m the superficial group, and by the eighth daj , when the edema 
had completely subsided, regeneration was ph} siologically adequate in 
both the deep and the superficial sets of lymphatics At this time liga- 
tion of the femoral ACin caused no recurrence of the edema, but swelling 
reappeared when the Ijmphatics were blocked with granules of india 
ink Eiidcntl}, then, the limphatic sjstem hi its regeneration was ot 
importance in producing a subsidence of the edema, and with the veins 
formed a hmphaticoienous sjstcm, the function of which lay in dis- 
posing of the edema and in reestablishing the circulatory balance The 
experimental results of a stud\ of the circulator\ balance in these 
replanted limbs will be presented in another paper 
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Delay in the subsidence of the swelling ^^as secured in some cases 
at the time of operation, irhen long silk ligatures r\ere looseh placed 
about the femoral arter}”^ and ^eln to facilitate the location ot these 
\ essels at a later date The edema persisted for tw o -w eeks or more in 
these limbs, although there as no infection In the region of the ves- 
sels, the silk had caused an inflammatorj reaction which, as shown by 
injections of india ink, had interfered with the regeneration of the deep 
set of Ij-mphatics 

In other experiments, attempts w ere made to delaj the regeneration 
of the superficial set ot Ijmphatics bj the formation of considerable scar 
tissue m the skin and subcutaneous laj'er The irritants used to produce 
the cicatrix were the actual cauterj , or chemicals, such as carbolic acid 
and alcohol, iodine and indelible ink When no infection occurred, 
edema remained for ten dajs or more and injections of india ink 
showed that a number of superficial h mphatics w ere blocked at the line 
of incision 

When the regeneration of both tlie superficial and the deep sets of 
lymphatics w as interfered w ith there w as a delay of from tw o to three 
weeks in the subsidence of the edema In all these experiments, and 
in those in which infection ot the w'ound occurred, the edema disap- 
peared completel} 

By such experiments we felt that a Ijmph and renous edema had 
been produced Examination of the replanted limb at the fourth or 
fifth postoperatne day demonstrated the edema existing throughout all 
the tissues In the late stages of a delayed edema, such as that produced 
by interference with the regeneration of the lymphatics, the edema w'as 
mainl) confined to the skin and subcutaneous tissues, being more nearly 
a pure Ijmphedema 

Infection superimposed on such an edema seemed the next step in 
the production of an experimental elephantiasis It was hoped that 
repeated streptococcal inoculations wmuld lead to the enlargement and 
fibromatosis of elephantiasis, but during the past eight jears we have 
failed 111 Its production although we have tried man) methods of inocu- 
lation and hare sought the adiice of a number of bacteriologists Dogs 
seem to be exceedingl) resistant to streptococcal infections, the inocula- 
tions producing abscesses rather than Ijraphangitis Occasional!) vet- 
erinarians hare had cases ot canine 1 ) mphangitis, but either cultures 
were not taken or we w^ere not able to secure Ine organisms Our inoc- 
ulations were made with streptococci obtained from patients with scarlet 
tever and erjsipelas grown in twenU-four hour broth culture and then 
centrifugated to concentrate the bacteria Injections were made both 
intrademialh and subcutaneoush in man\ replanted limbs at a time 
when the edema wa-- '•ub^dmg or lust atter its disappearance In onh 
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one instance did an animal develop a lymphangitis, which spread over 
the white skin of the fox terrier like an erythematous rash and was 
followed by desquamation Repeated inoculations brought no repetition 
of this canine scarlet fever 

Other methods, such as injections of the bacteria into the femoral 
artery and the distal veins of the replanted limbs and inoculations into 
excoriated skin areas, failed to initiate any evidence of lymphangitis 

The next step would seem to be the repetition of replantation experi- 
ments m an animal species more subject to lymphangitis 

THE ELEPHANTOID CONDITION 

Elephantoid conditions are frequently seen and have been lecogmzed 
by Matas ® as follows 

But the majority of cases that come under our observation are elephantoid 
states, swollen limbs, and genitals, following chronic lymph oedemas of the 
dependent parts in which venous and lymphatic obstruction plays the leading role 
m the pathogeny The starting point of these obstructions may be traced to 
injuries involving the circumference of the limbs at their root, or tumors blocking 
the deep lymphatics, chronic circular ulcers of the leg, syphilitic, tuberculous and 
phagedenic in origin, chronic phlebitis associated with varices, post tj'phoid, 
puerperal, chronic eczema and kindred conditions In the upper extremity the 
arm and the hand are often seen swollen and brawny, with chronic lymph oedema 
in women who have neglected cancer of the breast and whose axillary vessels have 
been compressed bj' cicatricial contraction or by secondary neoplastic metastasis 
These elephantoid states constitute an extremely unsightly, painful and disabling 
deformity vhich in the lower extremities especiall), restrict the patient to a 
sedentary life 

Emphasis has again been placed by Homans, “ Traut and myself 
on the common failure to recognize these frequent elephantoid condi- 
tions Homans expressed the belief that a disturbance of the lymphatics 
underlies the process in thrombophlebitis of the deep veins of the legs 
(phlegmasia alba dolens) The milk leg is not cyanotic, as one would 
expect if only a great extent of vein weie thrombosed He attributed 
the white swelling to the inflammatory process associated with the 
thrombosis which promptly involves the accompanying principal lym- 
phatic trunks which drain the limb, thus producing a lymph stasis of the 
entire extremit\ Experimentally, he produced “milk leg” of ten days’ 

11 Homans, J Thrombopblebitis of the Loi\er Extremities, Ann Surg 87 
641 (Maj) 1928 

12 Traut, H H Ulcers Due to Varicose Veins and L>mphatic Blockage, A 
New Principle in Treatment, Arch Surg 18 2281 (June) 1929 

13 Kcichert, F L Circulator} Disturbances of the Extremities with Speeial 
Reference to Thromboangiitis Obliterans and Elephantoid Conditions, California 
& West kicd 31 233 (Oct ) 1929 
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duration in a dog b) introducing 2 cc ot muscle juice into the lumen of 
an isolated segment of femoral \ein The resulting inflamed segment 
and pernenitis presumabh blocked the adjacent hmphatic trunks, 
although this ^^as not demonstrated b\ injection of these hmphatic 
^ essels 

Working ith Zollinger, Homans extended his experiments and 
secured a transient h mph stasis due to demonstrable Ijanphatic blockage 
In 1926, I attempted to produce “milk leg” experimental!} b) induc- 
ing venous thrombosis Onl} a slight transient swelling of the thigh 
developed after the injection of nonhemol}'tic streptococci or Staphylo- 
coccus am cits into isolated segments of the iliac ^ em A moderate 
edema of the thigh, leg and foot of from four to seren dajs’ duration 
folloived intrarenous injections of 20 per cent saline solution In some 
instances lenous thrombosis and pernenitis de\ eloped The salt solu- 
tion w as kept w ithin the vein for tw ent} minutes either b} a tourniquet 
at the lei el of the groin or b} the isolation of a portion of the external 
iliac lein between clamps Cauterization of the lein with ensuing 
tlirombosis and penvenitis was obtained b\ introducing a siher wire 
from a diatherm} machine into the lumen of the saphenous and femoral 
veins This resulted in an edema of the whole limb which lasted for 
eighteen days Four dajs after cauterization a small hematoma appeared 
deep in the thigh which may have been a factor in the production of the 
penvenitis although there was no increase in the edema 

As Homans stated, the complication that occurs after phlegmasia 
alba dolens is usually “a porky oedema m the superficial bssues of the 
calf This oedema sooner or later becomes indurated, the skin 

01 er It pigmented, and if the patient must spend much time m standing, 
the indurated area finall} breaks doivn wholly or in part and becomes 
an obstinate ulcer ” His postphlebitic indurations are realli localized 
eiephantoid areas 

Traut emphasized the importance of l}mphatic blockage in the pro- 
duction of ulcers due to varicose leins Both he and Homans advocated 
the removal of this eiephantoid tissue, including the underli ing muscular 
aponeurosis 

I agiee with jMatas that the chronically enlarged indurated legs, 
often with resistant ulcers, the background of which is the stoiy of 
phlegmasia alba dolens, of long-standing laricose leins or of chronic 
infectne processes of a piogemc, siphilitic, tuberculous or fungoid 
nature, are in truth ei idence of an eiephantoid condition, differing from 
elephantiasis onl} in their extent and ulceration The same chronic, 
inflaminator} fibromatosis exists in true elephantiasis and one generalh 
secures a histor} of infection or a ston of repeated attacks of er} sipelas 

14 Homan'! T and Zollinger, R Experimental Thrombophlebitis and 
L\mphatic Obstruction of the Lower Limb ■\rch Surg IS 992 ( \pril) 1929 
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SOFT TISSUE ROENTGENOGRAMS 

When Piofessoi Halsted was so inteiested in elephantiasis, a few 
loentgenogiains were taken of the involved limbs, which showed a gieat 
thickening of the supeificial tissues Since then all of our cases of an 
elephantoid nature, as well as some cases of edema due to cardiovascular 
oi lenal disease, have been loentgenogiaphed to outline the tissues, and 
the films have been carefully studied I think that roentgenograms 
taken to define the soft tissues lather than bone ofifer a means of cleaily 
diffeientiating the edema of an elephantoid natuie from othei tjpes of 
edema Roentgenograms of simple ])anphedema show an enlargement 
of the tissues fiom the skin to the musculai layei, wheieas the films of 
01 dinary dropsy or vasculai edema show a dififuse density or thickening 
which involves all of the tissues of the extiemity 

In contrast with simple lymphedema, elephantiasis and elephantoid 
states present an entirely diflerent pictuie in soft tissue loentgenograms 
Not only do the}'- show a gieat thickening of the deimis and maiked 
enlargement of the subcutaneous tissues down to muscle with a thickened 
musculai aponeurosis, but the unique featuie in this condition is an 
extensive network of fibrous tiabeculations in the hypodermal layei 
This loentgenographic reticulation is pioduced by the maiked fibroma- 
tosis of the subcutaneous layer Only in case of elephantiasis or ele- 
phantoid conditions do the roentgenograms re\eal these trabeculations 
These characteristic trabeculations were also found in the roentgeno- 
giams of a }outh seen on the pediatric service with a familial histoiy 
of bilateral congenital “lymphedema ” No history of attacks of ele- 
phantiasic fevei or infection of the leg was obtained, and the patient 
was considered as having an uncomplicated case of Milroy’s disease 

REPORT or CASES 

A few selected cases, with their soft tissue loentgenogiams, will seive 
to illustrate simple edema, elephantiasis and elephantoid states 

C \sr 1 — G O , a iinn, aged 50, for \ears Ind suffered from glomerulonephritis 
and for the past fi\e months had had a continuous pitting edema Soft tissue 
roentgenograms re\ealed a diffuse homogeneous cloudiness throughout the swollen 
leg The roentgen appearance (fig 3) was tjpical of that seen in edemas due to 
cardiovascular or renal disease 

Cast 2 — In M X, a woman, aged 71, a carcinoma of the uterus was removed 
seventeen vears before examination, with no subsequent difficultj Since meno- 
pause at the age of 55, she had felt a small hard lump in the right breast which 
was diagnosed as a “hardened milk duct” The lump was traumatized four jears 
before examination and had since graduallv increased in size Two jears later, a 
mas 5 appeared in the right axilla followed bv pain m the breast One jear prior 
to examination the cancer m the breast ulcerated and for the first time swelling of 
the hand and arm appeared Figure 4 shows the ulcerative mammarj carcinoma 
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Fig 3 (ci'-e 1) — Soil tissue roentgenogram to show diffuse homogeneous 
cloudiness throughout the swollen leg Upical ol tascular edema 
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w ith a large, hard, axillary metastasis firml}'^ attached to the skin and deeper struc- 
tures The entire right upper extremity was enlarged and indurated Although 
the right and left arms appeared to be of about the same size, the right was much 
hear ler and felt boardlike, i\ ith a thick leathery skin and an indurated hj podermal 
lajer This enlargement of the extremity appeared only after the carcinoma had 
ulcerated and become infected No historj of an elephantiasic fever could be 
obtained 

A. diagnosis of elephantiasis of the extremity was made and iias confirmed by 
the soft tissue roentgenograms (figs 5 and 6) In order to make a reproduction 
similar to the original roentgenogram and to prevent loss of detail, the photo- 
graphic reprints have been retouched Dr R R Newell’s report of the roent- 
genograms IS as follows Both arms were very large There was a rather marked 



Tig 4 (case 2) — Right ulcerated mammarj carcinoma, uith axillary metastasis 
and elephantiasis of the right upper extremity 

contrast m the appearance of the two, however The consistency of the left was 
rather smooth The muscles could be seen overljing the bone, and in the very thick 
fattv laver branched vessels could be traced quite clearl> He believ^ed that he 
could identifj the cephalic and basilic veins The consistency of the subcutaneous 
hver m the right arm was different, however, being markedly reticulated The 
directions of the fibers were irregular, but on the whole were rather at right 
angles than parallel to the humerus On account of these reticulae and the shghtlj 
greater densitj, the veins did not stand out as clearly as thej did in the left arm 
The forearms showed the same contrast in the appearance of the soft parts as did 
the upper arms, but in much more marked degree Trabcculation of the sub- 
cutaneous tissue in the right arm was verv coarse and heavv , on the whole it was 
irregular m orientation, but was inclined to be arranged vertical to the length oi 
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the arm rather than parallel to the surface of the skin No definite changes in the 
bone t\ ere made out, except for some sharpening of the left coronoid, attributed to 
chronic arthritis 

CtSL 3 — H M, a woman, aged 63, had suffered from \aricose reins in the 
right leg for the past fortr -eight rears, and for sereral decades eczema had per- 
sisted on the medial surface of the leg Three rears before examination the 
eczematous area rras sererelr scratched and an ulcer formed No swelling of the 
leg rras noted at that time In another hospital, the ulcer rras treated br com- 
presses follorred br rancotomr The conr alescence was stormr, rrith ferer and 



I ig 5 (case 2) — Retouched print of soft tissue roentgenograms ot the right 
md left arms \lthough of about the same size the right arm shorrs the trpical 
trabecuHtioiis in the subcutaneous larcr characteristic of elephantiasis 


bilateral pleurisr and the limb became srrollen and paintul She rras unable to 
walk for three months and since then the leg and thigh had remained swollen with 
persistence ot the edema One rear prior to examination, because of pain and 
redness in this limb an incision rras made tor pus, but the diagnosis rras giren as 
Slri {’tococcus cilhiliUs The eczema continued uncontrolled, rrith frequent small 
excoriations The extremitr had graduallr enlarged, rrith the dcrelopment ot a 
brarrnr edema and a thick leatlierr skin as sborrn in figure 7 

The diagno-is ot elephantiasis of the right lorrer limb rras confirmed br the 
sou tissue roentgenograms (iig 81 
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C\si 4 — W T, a woman, aged 47, following a laceration of the left leg thirty- 
two jears before examination, suffered from considerable swelling and inflammation 
which remained for a few w'eeks Four years later a more or less continuous edema 
first appeared, and since then she had suffered from se\eral attacks of local inflam- 
mation in the leg attributed to scratches or trauma At the age of 39, following 
pregnancy the enlarged superficial veins m that limb became thrombosed followed 
b 3 ' greater sw'elling of the leg Two years before examination, after an attack 
of “blood poisoning” in the leg, an ulcer appeared on the skin and the edema 
became more severe Although the ulcer healed she had had seven or eight subse- 
quent inflammatory attacks, the last one being diagnosed as erysipelas All of 
these were initiated bj malaise, chills and fever, nausea and vomiting and red- 



I ig 6 (case 2) — Retouched print of soft tissue roentgenograms of the right 
and left forearms A verj" coarse and heavj subcutanoeus trabeculation is present 
m the elephantnsic forearm 

(kning of the skin of tlie leg with intense itching After each attack the limb 
was heavier and more painful, and the skin was thick and bird to dent The patient 
was seen at the end of the last attack, during which the reddish eruption and 
crvtliemi had spread upward to the left groin and on the upper part of the right 
thigh 1 lie entire left extremitv was markedlj swollen red and hot Tlic skin 
and subcutaneous laver were indurated and twice as thick as on the right side 

\ diagnosis of elephantiasis with clcphantoid fever was made This was sub- 
stantiated b\ the appearance of the soft tissue roentgenograms (fig 9) 

Cv^F 5 — H T, a man aged 73, five vears before cxamin ition noticed a small 
^^artlIke growth on the sole of the right foot which gridualK increased in si/e 
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T^\o ^ea^b later, this cancerous growth was excised, and the area was grafted 
with tlie Thiersch giaft Six months later the wound broke down, witli a recur- 
rence of the tumor accompanied bj chills, fe\er and swelling of the leg Infection 
continued, and the foot and leg remained swollen Recenth, enlarged inguinal 
glands were felt The lower leg showed brawm induration of the skin and under- 
hing tissues, but this did not extend into the enlarged thigh (fig 10) 

The diagnosis was infection of recurrent epithelioma of the foot, with an 
elepliantoid condition of the foot and lower leg Soft tissue roentgenograms 
(fig 11) showed considerable trabeculation of the thickened hipodermal tissue 
especialh marked in the lower half of the right leg 



Fig 7 (case 3) — Elephantiasis of the right lower limb in a patient with a 
hlstor^ of lancose leins, eczema of the leg and attacks of Umphangitis 

Case 6 — D S a man, aged 57, had been troubled with bilateral \aricose leins 
for a number of \ears An eczematous condition ot the skin led to ulcerations oi 
both legs On the right, the ulcer healed for a time, and when first seen there 
was an old, pigmented, indurated scar on the right leg while the ulcer on the Ictt 
leg, winch had resisted all manner of treatment for twehe \ears measured 5 bi 
3 5 cm The tissues about the ulcer were indurated and firm, m places boardlike 
to palpation, with an edema imoKing tlie knee and thigh Large tortuous t-anco--e 
\cins were seen on both limbs \tter two months ol treatment m the outpatient 
clinic the ulcer measured 3 b\ 2 5 cm and then bccan e larger The patient was 
then hospitalized (fiz 12) \t this time soit tissue roentgenograms sliowed some 
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remarkable calcifications m the legs and considerable irregular trabeculation in the 
subcutaneous tissues, more marked on the left 

After the ulcer Mas treated with surgical solution of chlorinated soda, the 
varicose veins were thrombosed by injections of hj'pertonic saline solution and 
small deep skin grafts vv^ere applied to the ulcerated area A month later, a 
photograph (fig 13) showed the healed ulcer with a diminution in edema and 
absence of varicose veins Four months later, the elephantoid condition was 
great!}' improved, the tissues were considerably softer with no evidence of edema 
and the ulcer remained healed 



Fig 8 (case 3) — Retouched print of soft tissue roentgenograms of both legs, 
witli the hcaviiv reticulated hvpodermal lajer on the right side indicative of 
elephantiasis 

TREATMEIsT 

From the previous discussion of elephantiasis and elephantoid con- 
ditions and a study of the case reports, one is struck b}’" the relative fre- 
fpiencv ot tliese conditions and by the fact that through neglect or 
carelessness thev have been allowed to develop on the common and 
often readilv remedied disturbances ot the venous and Ijmphaticov'cnous 
sv stems 
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The impoitance ot pre^entue measures is cl earl} indicated Vari- 
cose reins aie the precuisors of distressing edema, indolent ulcers, 
paintul indurations and, finall} elephantoid states Once infection 
appeals, hrperplasia of the connectne tissue elements is sure to folloiv 
and IS difficult to eliminate without radical surgical measures So, too 
do the chronic bacterial, fungoid and malignant ulcerations lead to the 
same sequelae with either an elephantoid state or elephantiasis as the 



Fig 9 (case 4) — Retouched print of soft tissue roentgenograms ot both legs 
of a patient with a bistort of taricose reins and ulcer and recurrent attacks of 
elcphantiasic ferer in the left lower e'-tremitj There are marked hrpodermal 
trabeculations in the affected limb (From California S. est Med 31 23S 
[Oct] 1929 ) 

final lesult As Homans emphasized more care must be exercised 
in the earh treatment tor phlegmasia alba dolens it one is to preient 
the later derelopnient ot elephantiasis 

The recentU popularized method ot obliterating raricose reins hr 
means of sclerosing solutions affords an ambulatorr treatment lor this 
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r ig 10 (case 5) — Patient with infected malignant ulceration on the sole of the 
loot with inguinal metastasis, enlargement of the whole right extremity and an 
cleplnntoid state in the foot and lower leg 
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Fig 11 (case 5) — Untouched print of soft tissue roentgenograms of both leg= 
^^ho^^ulg the hea^•^ trabeculations of an elephantoid condition m the lower hall ot 
the right leg 
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Fig 12 (cise 6) — Patient with bilateral \ancose leiiis and chronic ulcer on the 
leit leg ot twehe j ears’ duration 
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condition, to which patients readil}' consent, and in this way the incajDaci- 
tating sequelae can be prevented Patients with ulceiation need imme- 
diate caie diiected to the healing of the ulcei and obliteiation of the 
\eins, for the longei the ulcei persists the more the fibiomatosis develops 
and the limb lemains in a potential elephantoid state At times the base 
ot the indolent ulcer is so indurated and devitalized that skin grafting 
IS unsatisfactory unless excision of the ulcerated and fibiosed area and 
the thickened underlying aponeuiosis is lesorted to, as advocated by 
Homans and Traut 

Foi the late complications of phlegmasia alba dolens, Homans 
leported some success m overcoming the peisistent swelling by the exci- 
sion of strips of deep fascia foi some distance above and below the 
edema When the tissues are indurated or ulcei ated, he included the 
iascia of the muscle in the excision 

Of utmost importance is the prevention of infection in a limb edema- 
tous from deiangement of the Ij'inphaticovenous system Eczematous 
legions must be carefully tieated and other areas of focal infection must 
be eiadicated in oidei to eliminate the recuirent attacks of fever and 
l}mphangitis Vaccine therapy and injections of antistreptococcal serum 
liaAC been used to advantage and have fiequently aboited fuither attacks 
ot elephantiasic fever 

As to the methods of tieatment for elephantiasis, the best lesults aie 
obtained by suigical pioceduies Matas® gave an historical resume of 
the surgical treatment and expressed the belief that the Kondoleon pio- 
ceduie is the most encoui aging Beitwistle and Gregg ’’ agreed that the 
Kondoleon operation ofters a good prospect of piolonged tempoiary, if 
not permanent, cure After ten )'ears of experience with this opeiation, 
Sistiunk expressed the belief that it is of much value in dealing with 
this disease, his admiiable illustrations peihaps desciibe the opeiation 
better than words 

Kondoleon devised the opeiation in oider to leestablish connec- 
tions between the deranged superficial lymphatic system and the unin- 
\ohed deeper set of hmphatics By removing a large amount of 
aponeuiosis corering the muscles, he hoped that connections would be 
(.stablished betw^een the tw'O hmphatic systems At the same time a 
laige amount of skin and subcutaneous tissue was removed to decrease 
the size of the limb, and then the edges of the skin were approximated 
This procedure w’as accomplished in several stages on both sides of the 
thigh and leg 

15 Sistriink, W E Contributions to Plastic Surgerr The Kondoleon 
Opcntion for Elephantiasis, Ann Surg 85 185 (Feb ) 1927 

16 Kondoleon, E Die Lj mpbableitung, als Heilmittel bei chronischcn 
Oedemen nach Qiietschung Munchen mecl Wchnschr 59 525 (Afarcli 5) 1912 
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No proof IS arailable that connections are established beti\een the 
tr\o sets of hinphatics b} this operation, and that it is this regeneration 
and refunctioning of the superficial Ijanphatic group that leads to tlie 
marked impror ement follo^Mng this operation Examination of sereral 
of these cases fire and six rears after operation stronglr suggests that 
this improrement is largel} due to the mechanical remoral ot a great 
amount of the diseased tissue namelr, remoral ot the skin subcuta- 
neous tissue and muscular aponeurosis the onlr structures patholog- 
icallr mrolred m this condition 

SUMMARY 

The 1} mphatics, as a sr stem of r essels and capillaries are considered 
as objective and definite as the arteries and reins, and tlieir grorr-th and 
legeneration normall} as rrell as in the presence of scar tissue is similar 
to that of the rascular srstem Their importance in the maintenance 
of circulatory balance is emphasized 

True Irmphedema is differentiated from rascular or pitting edema 
by its restriction to and induration of the skin and subcutaneous tissues 
No edema eren of long duration mil lead to a prohteratire change and 
deposition of fibrous connectire tissue 

Elephantiasis is caused, not br Irmph and renous stasis alone but 
br its association rr ith inflammation due to infection or toxemia Chronic 
mflammatorj fibromatosis of the dermal and hrpodermal connectire 
tissue IS characteristic of tins condition The element of inflammation 
is the one essential factor in the production ot elephantiasis Elephan- 
tiasis tropicum, elephantiasis nostras streptogens and tlie elephantiasis 
chirurgica of Halsted all hare the same pathologic background and 
diffci onlr in the primarr cause ot the Ijmphatic and renous stasis 
The experimental rrork shorred the importance ot the Irmphatico- 
renous srstem in maintaining circulatorr balance The production ot 
Irniiphedema and 1) mphaticor enous stasis occurred in replanted limbs as 
rrell as br renous and perir enous blockade Onlr one step the induc- 
tion of Ir mphangitis, apparently remains in obtaining experimental 
elephantiasis 

Elephantoid conditions are frequently seen, and emphasis is again 
placed on the importance of their recognition The elephantoid state is 
a fieqtient sequel to raricose reins and phlegmasia alba dolens and to 
chionic bacterial, fungoid and malignant ulcerations 

Soft tissue roentgenograms ot an extremitr present a characteristic 
jiicture m elephantiasis and elephantoid conditions and serre as an 
aduinct m diagnosis and prognosis The roentgenographic trabeciilation 
m the hrpodermal larer is produced br the fibromato-is in this tissue 
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A few selected cases \\itli then soft tissue i oentgenogi ams seive to> 
illustiate simple edema elephantiasis and elephantoid states 

The impoitance of piophylactic measiues is cleaily indicated m the 
tieatment foi these conditions In addition to pieventive methods, such 
as the obliteration of vaiicose veins and epithelization of ulceis, the 
tieatment foi elephantiasis and elephantoid states the Kondoleoa 
pioceduie and its modifications is discussed 
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Gelatinous carcinoma^ of tlie breast is a comparatit eh rare state 
In a combined group of 2,944 carcinomas of the breast cited by Gaabey 
49, or 1 66 per cent, nere ot the gelatinous t}pe Gelatinous carcinoma 
occurs in patients ot about tlie same age as do the usual torms of 
carcinoma ot the breast Tumors undergoing gelatinous degeneration 
sometimes reach an enormous size and the mass of the tumor ma} 
consist largel} of gelatinous material On the other hand, the amount 
of gelatinous material ma} be so small that it ma} be readily o\er- 
looked Similar degeneration is knonn to occur in tumors arising in 
other situations i\here mucm-formmg cells abound, notabh the large 
intestine, stomach and biliar} tract 

Gelatinous carcinoma ot the breast exhibits characteristic gross and 
microscopic appearances The gross features may be striking Large 
or small areas of the tumor may be somen hat translucent in appearance 
and may either consist of a light gra} jell} -like substance or be light 
reddish brown The gelatinous material ma} appear delimited b} a 
more or less irregular outline In the advanced stages, small and large 
tumors may fail to show an} solid unaftected structure, the entire mass 
consisting of gelatinous material On account of the innocent appear- 
ance of the lesion under these particular circumstances, an entirel} false 
conception of the true state of affairs may be obtained from macroscopic 
examination alone 

jMicroscopicall} , gelatinous carcinoma of the breast has the usual 
appearance of carcinoma m addition to which islands of degenerating 
and neciotic epithelial cells can be seen amid diffuse areas of gelatinous 
material This material is t}pical m arrangement and appearance and 
requires no special stain in order for its presence to be detected If a 
stain is desired, either mucicarmme or neutral red is appropriate 

* Submitted for publication Dec 10, 1929 

1 The terms "colloid carcinoma” and "mucoid carcinoma” are also applied to 
this condition 

2 Gaabe G Der Gallertkrebs der Brustdruse, Beitr z khn Chir 60 760, 
IPOS 
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The prevailing opinion regarding gelatinous carcinoma of the breast 
IS that It IS the least malignant form of mammary carcinoma According 
to this opinion, the disease is slower in its course, metastases occur later 
and the prognosis is more favorable than m the usual type With few 
exceptions, the conception that this form of the disease may be highly 
malignant is not encountered m the literature Several authors, hov- 
e\er, have drawn attention to the highly malignant nature of some ot 
these tumors (Despres,® Schmidt,* Gaabe Others, notably Lange,® 
while regarding these tumors as less malignant, admitted that the ulti- 
mate piognosis is not more favorable than m other types of carcinoma 
of the breast 

The first pathologic description of gelatinous caicmoma of the breast 
was attributed by Gaabe to Otto in 1816 The origin of gelatinous 
material in carcinoma of the breast is still the most interesting and 
disputed phase of the disease The subject has been a matter of con- 
troversy since the condition was first recognized Doutrelepont and 
Rmdfleisch ® attributed the formation of the gelatinous substance to an 
exudation of the blood plasma through the blood vessels with subsequent 
diffusion of the exudate into the tumor, a formation analogous to the 
piocess of edema The chief point of dispute among pathologists is 
the question whether the connective tissue stroma or the epithelial cells 
of the tumor give rise to the gelatinous substance The belief that 
the gelatinous substance originates in the connective tissue stroma has 
been held by Virchow, Meyer, Kaufmann ® and others Lange was the 
first to study this problem by the use of a special stain (toluidinblau) 
and concluded that the origin of gelatinous material varied m tumors of 
different organs In gelatinous carcinoma of the gastro-mtestinal tract, 
he described a diffuse degeneration of the protoplasm of the tumor 
cells In gelatinous carcinoma of the breast, the gelatinous degeneration 
occurred m the connective tissue, the tumor cells taking no direct part 
in the process Lange’s observations concerning the connective tissue 
origin of the gelatinous material were supported by Kaufmann who, on 
the basis of a studi of five cases, reached a similar conclusion From 
a stud} of four cases Ewing ® concluded that the gelatinous degeneration 

3 Dcspres Tnite du diagnostic dcs maladies cliiriirgicales, Pans, 1886 
p 272 

4 Scliinidt, G B Diesc Beitnge lol 4, 1888 

5 Lange P Der Gallertkrebs dcr Brustdriise, \ol 16, 1896 

0 Doutrelepont and Rindfleisdi -Xrcli f klin Chir 12 551, 1870 

7 Meier Beitrlge zur Histologic der schleimbildenden Adenome iind Carci- 
nome der Eriistdruse, Diss Rostock, 1880 

8 Kauimann, E Lcbrbiich der spcciellen patliologischen Anatomic cd 3 
1004 p 968 

9 E\\ing \copHstic Diceaccs Phil idelplua, \\ B Saunders Compan\ 192'^ 
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had imohed and paith originated in the fat tissue in the stroma 
Borst’” believed in a double origin from connectne tissue and epithelial 
cells 

Ihe notion that the gelatinous substance is the exclusue product of 
the epithelial cells is held b\ numerous authorities Ribbert noticed 
that 111 the earh stages mucoid secretion begins m the lumen of the 
acini whence it breaks through and infiltrates the surrounding 
connectne tissue Zinimei matin stated that the gelatinous substance 
was an epithelial cell product and pointed out the possible fallacies in 
the interpretation ot reactions to special stains as performed b} Lange 
Finalh Gaabe concluded that m most gelatinous carcinomas ot the breast, 
the gelatinous substance begins as a degeneration and subsequent 
destruction of epithelial cells without an\ actne participation ot the 
connectne tissue A gelatinous carcinoma ot the breast with laminated 
calcified masses scattered through the tumor was depicted b\ Delafield 
and Prudden 

The comparatneh slow growth of gelatinous carcinoma of the breast 
was first pointed out bj Lebert,’^ who described tt\o cases in which the 
disease had lasted ten and twehe tears, respectnel} This obsenation 
was soon confirmed b\ Smimonds,^-’ who reached similar conclusions 
after a stud} of twent} cases The most extensne studt of this subject 
was made bt Lange ^ in 1896 when he reported seventt-fite cases and 
by Gaabe in 1908, wdiose report comprised a stud) of sixtt-nine cases 
of this form of carcinoma of the breast Lange concluded that gelati- 
nous carcinoma of the breast is more benign, grows more slowly and 
metastasizes more rareli tlian the usual forms of carcinoma of the 
breast He pointed out the speaal tendenc} to late recurrence but con- 
cluded that the ultimate prognosis after operation is scarce!) more 
farorable than in the usual forms of carcinoma of the breast Gaabe’s 
conclusions are essentially similar to those of Lange His stud) of 
sixt)-nine cases showed that gelatinous carcinoma of the breast differs 
from the usual t)pe of carcinoma of the breast in the following wa)s 
(1) the rate of growth is slower (2) the imasion of skin, muscles and 
axillac) glands and the derelopment of ulceration occur two and one- 
halt tunes as late (3) recurrences appear later, and (4) the results 

10 Borst Gesdn\ ulstlehre, Wiesbaden, 1502 

11 Ribbert Geschw ulstlehre Bonn 1904 

12 Zimmermann Ueber seltenere Formen der Brustdruseengeschwulste, Diss , 
Strassburg 1502 

13 Delafield and Prudden (reaised bi F C Mood) 4. Textbook of 
Patliologv ed 14, Xei\ York William Wood & Compam 192S 

14 Lebcrt Virchows -krch f path -knat 1S52 aol 4 

la Simnionds Deutsche Ztschr f Cliir, aol 20 p 74 
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of operation are at least twice as favorable, the opeiative cuies being 
51 43 per cent m gelatinous caicinoma against 25 pei cent in the usual 
foims of breast carcinoma 

The fact that this form of the disease may be highly malignant is 
gicatly ohscuied m the htciatuie Two lefeiences to this possibility, 
howevei , Could he discovei ed Despi es “ and Schmidt ‘ pointed out 
that these tumois may he highly malignant and Gaahe stated that a 
gelatinous caicinoma may lose its gelatinous chai acteristics its cells take 
on a high grade of anaplasia and the tiiinoi may leveit to a carcinoma 
of the usual type 

KHPOR'l 01 EIGin CASES 

Casi 1 — Clinical fliiloiv — A woman, aged 43 years, married, with two chil- 
dren, wliile 111 South Africa iii Iiil\, 1928, noticed a painful lump m the right 
ixilla nliich was rapidly increasing in size At that time there were no clinical 
signs in the breast The axillary mass was excised and on microscopic examina- 
tion ms found to contain carcinoma in a state of gelatinous degeneration The 
patient was sent to London, where she was seen in consultation by one of us 
(G L C) and by Mr S Cade (Octobei, 1928) The breasts were very fat, 
there were no clinical signs of a tumor in the right breast, and no enlarged glands 
could be discovered m the right axilla and supraclavicular regions There was no 
historj of i discharge of blood from the nipple A complete operation was per- 
formed on the right side As a tumor could not be detected in the breast cither 
before or after removal, whole microscopic sections of the gland were cut Three 
months ifter the opcrition the patient returned with an extensive local recurrence 
III the skin .md subcutaneous tissue Mr S Cade treated the recurrence by means 
of external irradi.itioii The irradiation was followed by rapid and complete disap- 
peirancc of the tumors The regression was that of a highly radiosensitive tumor 

I he 11 hole of the chest ind mediastinum was subsequently treated with high 
loltagc roentgen rays as a prophylactic measure by Dr Finzi 

Patholof/ic L\o)iiiiiali(iii — I'lgure 1 illustrates the wliole microscopic section in 

II Inch the lesion iias discolored At B a carcinomatous patch which had under- 
gone gelatinous degeneration w is discovered Diffuse carcinomatosis in ducts and 
acini existed throughout the iihole of tins <irci of the gland At C there was a 
dilated duct m i\ Inch the tumor had undergone gelatinous degeneration Figure 2 
shoiis this duct magnified 1 he epithelial neoplasia iiithin the affected ducts and 
icini md outside them exhibited the elnractcristic morphologic appearance of 

III iplasia rile growtii was diffuse, the cells were small and Inghlj atjpical and 
mitoses wire abundant 

We wisli it this point to call special attention to the presenee of two distinct 
t\pes of malign nit epithelial cells in tins tumor One t\pc belongs to the common 
spheroidil cells, the other tijie iircscnts morjiliologic features which differ from 
the iisii il appearance of aiiajilastic epithelial cells The cells arc somewhat larger, 
the nuclei stain darkh, \ in in si/c and sh ipe ire relatnclj small and maj occupy 
the center of the cell, or thei ina\ be eccentric The c>toplisin is acidophilic and 
homogeiituus and his well defined margins The staining char icteristics of the 
CNtnpIism the sh ipe ol the eells and the eccentric position of the nucleus gi\c to 
some of the cells an qipearince like tint of a “plasm i cell” Ihej differ from 
plasma cells b\ being miieli larger fliee possess the same degree of mdignanc> 
as the usual t\pe ol nnplastic cell growing difftisch, dinding rapidh and infil- 
trating widch III small groups and single 
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No further imohement of axillar\ hmphattc glands was discore-ed b\ micro- 
scopic examination although the hmphatic glands that were remoied at the first 
operation contained extensile carcinoma which had undergone gelatinous degen- 
eration 

Comment — The mabilit) to discover an} tumor m the breast m 
case 1 on clinical examination may be accounted for in two nais 
(1) b} the adipositi of the breast, the later of subcutaneous fat hanng 



Tig 1 (case If — \\ hole microscopic section of breast A nipple B site of 
gelatinous tumor, C situation of duct a high power magnification ot which is 
sliow n m figure 2 The examination of these photgoraphs can be greath assisted b\ 
using a hand lens B\ this means the more minute details can be obserred 

measured 3 cm m thickness and (2) b\ the tact that the carcinomatous 
parts adapted themsehes to the contour ot the breast and theretore 
their presence was obscured on palpation In fact it was necessare 
to cut numerous serial sections ot this gland betore the tumor could 
he discoaered The 5170 ot the lesion i^ to a great extent accounted 
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for b\ the fact that an extensive and diffuse malignant epithelial 
neoplasia existed within the ducts and acini In the duct shown heie 
(fig 2) the hyperplasia had undergone gelatinous degeneration We 
icgard the piesence of gelatinous degeneration of the epithelial neoplasia 
within the duct as evidence m favor of our conviction that the epithelium 
can he carcinomatous even though it is still confined within normal 
boundaiies This belief is supported by the fact that the cells within 
the ducts that had not undergone gelatinous degeneration were in a 
highl} anaplastic state The first sign of disease was an enlargement 



Fig 2 (caiL 1) — Mngnification of duct shown m figure 1 C Gelatinous 
degeneration Ins occurred in the epithch il neoplasia with wdiich it is filled The 
^ame change is occurring in the acini C into which it branches The elastica, 
unstained in this section, his undergone a slight degree of Inperplasia 

of an axillar\ hmphatic gland and there were no clinical signs of a 
tumor in the breast Finalh, it is neccssarj' to draw attention to the 
marked radiosensiti\it\ of this highly anaplastic tumor In this example 
the intimate relationship that existed between the anajilastic histologic 
'structure, the high degree of mahgnanc} indicated hj its earl} metastasis 
to a hmphatic gland and its marked radiosensitn it\ were completely 
demon ''t rated 
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Fig 3 (case 2) — i ducts and dilated acini, some of which ha^e become con- 
fluent B, the epithelial elements in these structures consist ot small round cells, 
crowded together with no definite arrangement which are highh anaplastic tn t\pe 


n\‘ 




1 1 C 4 (cavL 21 — At 4 IV a dilated aeinuv m winch celatinou' dc,_encration has 
occurred m tlic epithelial cell' which fill and di'teiid the structure cum^ ri-e to 
a licilorni appe irance At B the iicoplavtic epithelial content' nt a duct are in ^n 
nhanced 'tace ol Celatinou' deceiieration 
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Casf 2 — Clinical Histoiy — A. married woman, aged 44, with one child, noticed 
a tumor in the right breast eighteen months before operation During this period 
she had been treated m India for “chronic mastitis ” The breast was painful and 
there had been no discharge of blood from the nipple Examination of the right 
breast revealed a large tumor 5 by 3 b}' 3 cm occupying the outer middle segment 
The mass was firm and nodular, and puckered the skin The nipple was movable 
and not retracted The axilla was filled with large, firm and discrete lymphatic 
glands The supraclavicular glands were not palpable The opposite breast and 
axilla were normal Radical operation was performed The patient died with 
visceral metastases nineteen months after the operation ' 

Pathologic Eiaminatwn — At least two ducts in immediate juxtaposition w'ere 
full of epithelial neoplasia extending from immediately beneath the nipple into 



I'lg 5 (case 2) — A, loiigitudiinl section of a duct showang gelatinous degenera- 
tion of the epithelial cells within it D and C, epithelial cells within acini under- 
going gelatinous degeneration The elastica of the duct has not been stained in 
this specimen but other sections show that it has undergone slight hjperplasia 

all their acini One of these ducts, its branches md its acini could be triced with 
onh slight interruptions throughout the whole course of its distribution 3 he 
other duct was not so completeh demonstrated and onl> its beginning beneath the 
nipple could be seen The chief mass of this tumor was due to epithelial neo- 
plasia that w IS confined within the normal boundaries of the ducts ind acini nul 
epithelial iiuasion could be detected in onK two places The morphologic appear- 
niccs of the epithelial neoplasia aaried in different parts In the termiii il ducts 
'’11(1 acini the cells were eloiig itcd and tapered In some ducts papillom is hid 
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formed with delicate stalks of connective tissue Some terminal ducts and acini 
were distended by epithelial cells that were highlj anaplastic in type (fig 2 A) 
Within other ducts and acini the epithelial cells were arranged in a laciform 
manner (fig 4 A) This peculiar formation was due to the gelatinous degenera- 
tion of epithelial cells, which caused the spaces among the remaining and unaf- 
fected parts Gelatinous degeneration could be seen occurring m a more advanced 
state in many other isolated parts (figs 4B and 6 A) Most of the tumor had 
not undergone'^gelatinous degeneration Gelatinous degeneration had occurred in 
the neoplastic epithelium contained in the duct shown in figure S A, and in the 
beginnings of two ducts beneath the nipple The elastica had not undegrone hyper- 
plasia and was normal in amount and distribution The glands in the axilla were 
extensively affected by carcinoma and had not undergone gelatinous degeneration 
Carcinoma had extended beyond the upper border of the first rib and the operation 
was unsuccessful in reaching the limits of the disease 



Fig 6 (case 2) — A, gelatinous degeneration occurring in epithelial cells after 
thcj have invaded outside tissues, B, conncctne tissue uhich docs not show an> 
gelatinous degeneration 

Connitcitl — Except that the disease was more ad^a^ced in this 
tumor, it resemlilcs that m case 1 The distribution of epithelial 
neoplasia confined wathm the ducts and acini was extensive m both 
specimens It is remarkable that in so large a tumor there w'cre so few 
sites of epithelial iirvasion of the stroma, especially wdien the Ijmphatic 
glandular involvement was so extensive The explanation lies in the 
highh anaplastic state of the epithelial neoplasia m some parts of the 
tumor The normal appearance and distribution of the elastica enabled 
us to trace the ducts and the acini and so to confirm our statement th.it 
the eiiithelial neoplasia contained within normal but distended boundaries 




578 


ARCHll'ES OF SURGLR} 


formed the mam mass of the tumor Microscopic examination of this 
tumor showed that tlie neoplastic epithelium was the hist to undeigo 
gelatinous degeneration and that this degeneiation could begin m 
epithelial neoplasia when conhned within noimal boundaiies The 
lacifoim appearance of the neoplastic epithelium m paits of this tumor 
was due to the gelatinous degeneiation of epithelial cells ^ A lacifoim 
appearance occurring in other caicinomas may be due to the union of 
anastamosmg columns of epithelial cells or to a difteient type of degen- 
eration occurimg among them The histoiy of the patient demonstrates 



I IK 7 (cTsL 1) — Portion of i whole microscopic section The ducts and acini 
are seen distended w itli ncojilastic epithelium which m tlie duct 4 and its branches 
B md C In\e undergone rcI itinous degeneration The elastica, unstained in this 
section, Ills undergone i shglit degree of Inperplisia 

the iirctalcnt danger of trusting to a diagnosis of so-called chionic 

111 istltis 

C \si t— r/iinm/ Untni \ — '\ womm, aged 38 married, with two ehildrcn, 
w IS sent home from India with a tumor about 2 5 cm in di imetcr situ ited in tlie 
lower nid outer segment of the right breast This tumor hid been noticed for 
ibont three months and was cuising a localized st ibbmg pain It w is gr idn ill> 
increasing m size I here w is no discharge from the nipple On e\ iminalion the 
sbm puckered the ngiple was norm il and the tumor w is hard nodiil ir ind ireel} 
nio\ ible There w is m enlarged discrete h ird and teiuler hmiihitic gland 
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beneath the outer border of the pectoralis major There uas no other adenopath\ 
in the axilla or supraclaMCular regions The opposite breast was normal 

Pathologic Exanuiiatwn — MicroscopicalU the lesion was more extensi\e than 
the clinical signs indicated Figure 7 shows part of a whole microscopic section 
of the breast that was cut in a \ertical plane parallel with the anterior surface of 
the bod\ Its general shape was triangular with the apex toward the nipple 
A.lthough the main mass of the tumor was due to the presence of the epithelial 
neoplasia that was contained within the normal boundaries of the ducts and acini 
there was also considerable epithelial iniasion ot the outside tissues The epithelial 
neoplasia was not anaplastic in an\ part of the tumor With this exception, it 
resembled the two tumors just described Gelatinous degeneration was ad\anced 
in some parts of the tumor where cellular m\asion had occurred In other parts, 



Fig 8 (case 3) — A-nother duct in which the neoplastic epithelial content lias 
undergone gelatinous degeneration 


the gelatinous degeneration was in an adianced state while still confined within 
the normal boundaries ol the ducts and acini (figs 7 4 and S) The elastica had 
not undergone hiperplasia and was normal in amount and distribution The 
hiiiphatic gland in the right axilla was the onh one affected and the carcinoma 
It contained had not undergone gelatinous degeneration 

Coiiuiiciit — This specimen is another example ot the wide distribu- 
tion ot malignant epithelial neoplasia that can he confined within normal 
honndaries It also demonstrates gelatinous degeneration ot epithelial 
neoplasia while it is thus confined and shows that the gelatinous degen- 
eration 111 Its carK states beepns m the epithelium It is an example of 
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gelatinous degenciation occnrnng in a carcinoma, the epithelium of 
which IS not anaplastic In this lespect, it chfteis fiom the foimei 
two cases This case also clemonstiates that the primal y lesion m the 
bieast may be much moie extensive than the clinical signs suggest The 
patient is well and appaientlj fiee fiom disease five yeais aftei opeia- 
tion In this respect it is interesting to point out that the tumoi was not 
highly anaplastic, which probably accounts foi the patient’s piesent 
condition, even though one axillary lymphatic gland had been involved 
in the disease 

Casi 4 — Clinical IIiiloiv — A immecl woman, aged 43, noticed a lump m the 
I iglit breast si\ months before operation On examination there was a hard, round 



I ig 9 (case 4) — Pirt of i peripheral portion of a breast whieh contains 
carcinoma 'I he central jiarts have undergone necrosis At the margins the 
surrounding fit is being nu idcd hj carcinoma Gelatinous foci are shown in 
ligurc 10 

lump about t cm in diameter situated at the pcripheri of the outer segment of the 
breast 1 he sKm w is .idherent to it The nipple was not retracted and there 
was no discharge of blood from the mpiilc The right axillary Ijinphitic glands 
were hard and eonfluent There were no enlarged supracla\ icular glands The 
opposite bre ist was normal 

Patliolof/ic L xattiiiiatioii — The tumor measured 2 5 cm in diameter, w is 
situated at the peripherx of the breast and was composed almost cntirelj of epithe- 
h il cells that h id nnaded the stroma and the surrounding fat of the gl nid (fig 9) 
The cpitlKlium was highh anaplastic Gelatinous degeneration had occurred in a 
small patch of the tumor that w is detected onh b\ microscopic cximiiiation 
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(fig 10) Gelatinous degeneration had begun among small groups of cells 
adjacent to this patch (fig 10, 4, B and C) The Ijmphatic glands \\ere exten- 
sueh imaded 

Comiiicnt — This specimen is another example of a highh anaplastic 
and malignant tumor that contains gelatinous degeneration The 
carcinoma t\ as adt anced and had spread so diftuseh that it had obliter- 
ated all signs of its primart site of origin \\ here the gelatinous 



Tii; lO (case 41 — Drawing under high poiier ot three loci ot gelatinous 
dcgeiK ration (4 B C) occurring in the center ot collectio is ot epithelial cells 
that haie imaded outside tissues The drawing i' made Ironi the tumor shown 
in figure 9 

degeneration could be ‘leen m the earl\ stages it was occurring m the 
epithelial cells The patient died two and one-halt \ears alter operation 
ot inilnionare metastasis 

G\''‘ 5 — \ married woman age 1 50 with no children two eear^ heiore 
admission iiotKed a lump to the right of the Ictt nipple irom whicli there was 
a diseharce ot blood which soon disappeared and ueecr recurred 
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Chmcal E\amviation — On the right of the nipple and in immediate juxtaposi- 
tion to it there was a flat, round, firm swelling with well defined margins Avhich 
pushed the nipple to one side The skin was adherent to the tumor The 
remainder of the breast uas normal on palpation The complete operation was 
performed on the assumption that the swelling beside the nipple was a duct 
carcinoma and was the cause of the discharge of blood from the nipple During 
the operation the lymphatic glands in the axilla were discovered to be enlarged, 
hard and discrete The thick layer of fat obscured their presence and prevented 
them from being felt on palpation 

Pathologic EiavnuaUoii — Whole sections were cut of this breast, and the 
following conditions were revealed The tumor beside the nipple was composed 
entirely of infiltrating carcinoma among which there was no sign of a duct As 



Fig 11 (case 5) — A lobule in uliich various stages of gelatinous degeneration 
are seen in different acini A, acinus in which gelatinous degeneration is in an 
earh state, B, acinus in uhich the degeneration has occurred in the center, leaving 
laiers of unaffected epithelial cells around its margin, C, acinus filled with and 
distended In gelatinous degeneration of epithelial cells, a few of which are still 
to be seen within the structure, D and E acini which ha\e become confluent and 
are tilled In gelatinous degeneration onh 

this disco\er\ did not account for the discharge of blood from the nipple, more 
sections were cut in search of its cause At the periphere of the outer middle 
segment of the gland carcinoma was discoecred afTccting a large area of terminal 
ducts and acini Mane terminal ducts and acim contained epithelial ncoplisii 
within normal boundaries In a fees small scattered parts of the stroma and 
surrouiulnig fat epithelial cell ineasion had occurred In the terminal ducts the 
epithelial neop! isn wis chiefle papillom itous in tepe, in the acini it was sessile 
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onlj In these parts the epithelial neoplasia looked malignant and in scattered 
areas had undergone gelatinous degeneration Figure 11 shows lour stages ot 
mucoid degeneration which could be traced irom its beginning to its final state 
The earliest MSible changes that could be detected ma% be seen in figure 12, which 
shows a terminal duct distended b\ epithelial neoplasia The epithelium in this 
acinus contained man\ cells which were swollen and clearer than normal The 
edges were well defined The nuclei were smaller and appeared shrunken A fur- 
ther stage of mucoid degeneration ma^ be seen m figure 13 in an adjacent terminal 
duct which was distended b^ the same tjpe of neoplastic epithelium In the 
center of the acinus the final stages of gelatinous degeneration had been reached 
and se\eral degenerated cells ma\ be seen in the middle of the gelatinous material 
(fig 13 B) The surrounding cells were in the same state as the affected cells 



Fig 12 (case 5) — High power magnification of a terminal duct distended b\ 
epithelial neoplasia A the marginal Ia\ers of epithelium show the earliest stage of 
gelatinous degeneration The cells are swollen and the nuclei appear small and 
shrunken At B in the center of the duct gelatinous degeneration is marked The 
elastica around this duct has undergone ii\perplasia 

Figure 11 shows a group of acini in all the stages ot gelatinous degeneration 
including its final phase At 4 tlie process is in an earK stage At B it is more 
adianccd and small islands of epithelial cells can be seen in the midst of 
gelatinous material around the margins ot which are epithelial cells which ha\e 
not undergone complete degeneration \t C there is another acinus filled with 
and distended In gelatinous degeneration in which islands consisting ot a tew 
degenerated epithelial cells can be seen \t D and E gelatinous degeneration 
has extended to such a degree that no c\idcncc ot epithelial cells can be detected 
and the delicate gelatiiious mcshwork is all that can be seen 
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Comment — In this illuminating and interesting specimen the 
origin, course and final stages of gelatinous degeneration could be traced 
The process began and ended in epithelial degeneration The morpho- 
logic appearance exhibited an unbroken chain of events The areas in 
which gelatinous degeneration appeared to have infiltrated the con- 
nective tissue stroma of the breast were really the remains of degen- 
erated epithelium which had completely disappeared, leaving a gelatinous 
meshwork within the distended acinus Gelatinous degeneration is not 
an infiltrating process and does not begin in the connective tissue , it is 



Fig 13 (c^se 5) — High power magnification of terminal duct in whicli 
gchtinous degeneration Ins progressed fartlier than in the terminal duct in 
ligurc 12 

onh an epithelial degeneration Gelatinous degeneration can also occur 
in epithelial cells that ha\e in\aded normal structures This degenera- 
tion occurring in carcinoma ma) give rise, as in case 6, to the appearance 
of a gelatinous degeneration beginning in or infiltrating eonnectne 
tissue 

C\=E 6 — Cltiiudl Ili<:tor\ — \ woman aged 42 mimed, with one cliild, had 
noticed pain in the nulit hreast lor twehe months There was no discliarge of 
hlood from tlie nipple On e\ iminatioii i large tumor 3 cm in diameter was 
loiind in the oiitir middle scument of the right breast Tlie nipple w is inov ible 
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and not retracted The tumor was adherent to the skin The axillarr hmphatic 
glands were hard, round and confluent near the breast The\ were discrete and 
enlarged in the upper part of the axilla The breast mored freeh on the deeper 
structures The whole breast was remored, and the patient died fire rears after 
the operation 

Pathologic Examtiiafion — ^Whole microscopic sections shorred that the tumor 
was large and triangular (fig 14) The large size of the tumor was caused br 
the extensire epithelial inrasion that had occurred m the stroma of the breast and 



Tig 14 (case 6) — Whole microscopic section of breast 4 nipple, B tumor, 
C pectoralis major, D a large duct, a high porrer magnification ot rrhich is 
sliorrn in figure 15 The neoplastic epithelium of this duct and its acim is the 
oiilr seat of gelatinous degeneration that could be detected m this breast 

the fat immediatelr surrounding it In other parts malignant epithelial neopla>:ia 
could be seen di'-tending the ducts and acim In one of these ducts (fig 15 4) 
It had undergone e\tcn«i\e gelatinous degeneration and islands ot degenerated 
epithelial cells could be seen sucpendcd m the tipical gelatinous material 
Tigure 15 B --hows that the acini which communicated with tins duct had aho 
undergone epithelial neoplasia and subseejiicnt gelatinous degeneration There was 
no other c\ideticc ot gelatinous degeneration in this tumor The epithelial elt- 
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ments of the tumor uere highly anaplastic The elastica had undergone a certain 
amount of h 3 'perplasia throughout the whole breast 

Comment — This tumor has two points of inteiest 1 The gelati- 
nous degeneiation was limited in extent, its presence was totally unsus- 
pected and would probably have been missed had not whole microscopic 
sections of the hi east been cut 2 The epithelial elements of the tumor 
were highly anaplastic The accidental discovery of the gelatinous 
degeneration in this tumor also suggests the probability that gelatinous 
degeneration may be more common than is generally supposed The 
clinical history and micioscopic appearances afford further evidence 



Fig IS (case 6) — High power magnification of duct (A) and its acini (B) 
taken from figure 14 D, showing large duct containing neoplastic epithelium, some 
of uhich has undergone gelatinous degeneration Outside these structures carci- 
noma IS rampant 

that carcinomas in which gelatinous degeneration has occurred can be 
IiighI} malignant 

C\sF 7 — Clinical Hisloi\ — \ married woman, aged 45, with two children, 
noticed a lump in the left breast eight months before operation, during wdiicli 
time It gradualh increased in si/e On clinical examination, a large hard, round 
tumor occupied the right side of the breast ne ir the nipple The skin was 
adherent to it The nipple was movable and not retracted The axillarj Ijmphatic 
gl inds were not tnlarced 

Patlwloqit Ecaininalion — The tumor was largo and round, me isuring 3 cm 
in diameter To one side of and below its center was a large isolated area of 
gelatinous degeneration in whieh islands oi degenerated epithelium could be seen 
(fig 16) Disconnected str iiids oi connective tissue could be seen amid the 
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gelatinous degeneration, the\ showed no sign of gelatinous change The epithe- 
lium was not highlj anaplastic At the margin of the tumor ducts could be seen 
containing papillomas co\ered b\ three or more laiers of epithelium Sessile 
epithelial growth also existed in tliese ducts The arrangement of the tissues 
composing this tumor w as in man% parts papillomatous, and its site of origin w as 
undoubtedh one of the large ducts There was extensne epithelial imasion of 
the stroma, but the surrounding fat had not been intaded The axillarj hmphatic 
glands were not imaded bt the disease 



Fig 16 (case 7) — ^^hole microscopic section oi breast -f nipple, B, tumor, 
C, site of gelatinous degeneration The tumor is a large duct carcinoma m the 
center of which (C) gelatinous degeneration has occurred 


Comment — This tumor belongs to the class m which gelatinous 
degeneration has occurred in a carcinoma that is not highh anaplastic 
The carcinoma was not so rampant as to destroi all traces ot its sites 
ot origin in the larger ducts in «pite ot its large size Its relatueh 
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low state of malignancy was also indicated by the absence of lymphatic 
glandulai nnolvement, although the tumoi was a laige one 

Casi 8 — Cliuical Ilistoiv — A woman, aged 57, married, witli two cliildren, 
complained of an aching pain localized to the middle outer segment of the left 
breast, which she had noticed for five months She had also felt a lump m the 
breast and had noticed a brownish intermittent discharge from the nipple for the 
same period On examination she appeared thin, and the breasts were small On 
palpation, a localized, comparatively extensive area of fine nodularity was dis- 
coiercd m the painful part of the breast It was not adherent to the skin or to 
the underljmg tissues The nipple was normal, and there were no enlarged glands 



1 ig 17 (CISC 8) — Whole microscopic section of the breast The diseased area 
IS triangular iMtli the ipcx of the triangle directed toward the iii|>plc It is 
composed of main small cists wliicli arc distended bj neoplastic epitheliiini z\t 
I c ircinoma is prisent tiie e[)itliclnim of wliicli is imdcrgomg gelatinous dcgeii- 
tr itioii 

III the i\illa The opposite breast w is normal On the basis of these ehnical signs 
done rallied operition w is performed 

Rtilliolflifu / laninin/ioM — Tigiire 17 shows a lerticil section of the breast tint 
w Is cut in 1 iilane parallel with the anterior surf icc of the bodi Manj sin ill 
cists full of cpitbeli d neoplasia were iisible These cists were duets and acini 
distended bi epithelial iieoiil isia which was not leri inapl istic Lpithelial cells 
eould be seen iniading the stroma of the breast where gelatinous dcgencrition 
w Is marled Here and there in tlie center of some of the cists, epithelial cells 
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had undergone gelatinous degeneration to a slight degree (fig 18) The elastica 
stained normalK The hmphatic glands in the avilla uere free from disease 

Comment — This specimen demonstrates the importance ot localized 
nodularit} m a breast as a sign ot earh carcinoma This sign is 
important whether or not it is accompanied b\ pain Case 8 is another 
example ot gelatinous degeneration beginning in epithelial cells It 
resembled cases 1, 2 and 3 in that the primar} neoplastic epithelial 
change nithin the ducts and acim nas extensile and large!} confined 
n ithm normal boundaries The limitation of the carcinoma m the breast 
can proliabh be explained b\ the fact that the epithelial neoplasia nas 



Tig 18 (case 8) — High power new of two cists in figure 17 showing different 
stages of gelatinous degeneration in the center and along the margins 


not highh anaplastic In this specimen the gelatinous degeneration was 
earh and slight and might easih hare been missed had it not been tor 
the fact that whole microscopic sections were cut ot the breast 

StiMMlRI \XD COXCLLSIOXS 

The studt of whole microscopic sections of carcinoma ot the breast 
111 winch gelatinous degeneration had occurred has led to the following 
conclusions 

1 Gelatinous degeneration is more common in carcinoma ot the 
breast than is generalh supposed This comiction is based on the fact 
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that fiom a study of whole seetions wt have distoveied gelatinous 
degeneiation in tuinois in which its presenee was totally unsuspected 
1 hesc observations lead us to believe that if caieinomatous hi easts were 
always systematically examined by means of whole senal sections, the 
discovery of gelatinous degeneiation would be moie fiequent 

2 Ihe piocess of gelatinous degeneration begins and ends in the 
epithelium only The study of specimens that show gelatinous degen- 
eiation in all stages convinces us of this fact Moieovei, the piesence 
of gelatinous degeneiation in metastatic deposits is fuithei eMdenee in 
favoi of Its oiigin in the epithelium 

3 Ihe aieas m which gelatinous degeneiation apjieais to have 
infiltiated the connective tissue stioma of the breast consist of the 
lemains of degenciated epithelium which has disappeared completely, 
lea'ving only a gelatinous meshwoiK This gelatinous degeneiation begins 
and ends m epithelium confined within ducts and acini and also affects 
the epithelium that has invaded noimal structures The final stage of 
both events gives rise to morphologic appearances that have been inter- 
preted as evidence of a primary gelatinous degeneration in connective 
tissue cells 

4 The large size of some of the tumois we have examined has 
been due to the wide distribution of appaiently malignant epithelial 
neoplasia existing m ducts and acini Whole oi chief parts of a duct 
or even two ducts and its teiminal blanches and acini may be thus 
affected 

5 The presence of gelatinous degeneration in a caicinoma of the 
breast does not necessarily imply a low degree of malignancy, as is 
generally supposed Foui of our cases weie among the most malignant 
that can be encountered in the bieast, and in all death lesulted fiom the 
disease Moi phologically, they weie highly anaplastic, and clinically 
their high degree of malignancy was demonstiated by piompt lecur- 
rence, widespread metastasis and a rapid course 

6 The clinical course of tumors exhibiting gelatinous degeneiation 
IS determined chiefly by the piecise biologic pioperties of the epithelial 
elements they contain and does not depend on eithei the piesence or 
the extent of the gelatinous degeneration 

7 Carcinomas of the breast exhibiting gelatinous degeneiation often 
possess a comparatively low degree of malignancy On the whole, 
howevei, we believe that gelatinous degeneration is one of the secondaiy 
and adventitious changes that may occur in the course of any caicinoma 
and does not necessarily determine the degiee of malignancy of the 
tumor 
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JIANAGEAIEXT OE THE POOR SbRGICAL RISK ^ 

JOHN DeJ PEMBERTON, MD 
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Since the adient of aseptic surgen, the introduction of iodine in 
the preoperatne preparation of patients uith exophthalmic goiter has 
been the most momentous single advance made m the surgical treat- 
ment for diseases of the thyroid gland Vieued either as to its 
revolutionar)' beginning or as to its far-reaching effect on the whole 
field of surgical treatment for the thjroid gland, the rear of its dis- 
cmer)' has opened a new era in the progress of this branch of surger} 
The contrasts between the new and the old are great In numerous 
articles attention has been called to the pronounced effect of the 
administration of iodine on the pathologic changes m the gland and on 
the course of the disease as evidenced particularly by the change in 
the symptoms and the appearance of the patient, bj the low^ering of the 
basal metabolic rate and by the absence of sei ere postoperatii e explosive 
reactions This has resulted in a smoother convalescence, in a tre- 
mendous reduction in the need for ligations and operation performed in 
stages, and finally in a marked decrease in the operative mortaht)’- As 
a consequence, surgery of the thyroid gland has been placed on a 
sound basis similar to that of other branches of general surgery, w^hereby 
in all but a small group of complicated cases the surgeon can confidently 
predict that if the operation is done expeditiously and without technical 
mishaps, the patient will easily endure the operation This differs 
greatly from the conditions existing prior to the use of iodine, when in 
nearl} 70 per cent of cases of exophthalmic goiter the surgeon feared 
the development of an unexpected postoperative reaction which was the 
immediate or contributor}'^ cause of death in more than 50 per cent of the 
fatal cases To reduce the possibility of these reactions, ligations and 
operations performed in stages ivere resorted to at a tremendous cost 
in both suffering and economic w'aste In only 30 per cent of the cases 
were conditions so favorable that the surgeon felt reasonably assured 
of the satety of primar}' subtotal thyroidectomy Today safety has 
replaced the uncertaint} of lesterda} 

* Submitted for publication Not 4 1929 

''‘From the Dnision of Surgeri the Ma^o Clinic 

* Retd before the Section on Surgen, General and \bdominal at the 
Eightieth Annual Session of the \mencan Medical Association Portland Ore 
Juh 10 1929 
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Looking back to the peiiod befoie iodine was used, the frequent 
employment of piehmmary pioceduies and the not mfiequent unex- 
pected fatal reactions would indicate that there were no clearcut reliable 
criteria of the patient’s condition by which the safety of surgical pro- 
cedures could be judged accurately Although it is true that the 
presence of severe hyperthyroidism veigmg on a ciisis of the disease, 
and the marked debility of the patient often resulting from long exist- 
ing hyperthyroidism oi from an associated disease weie recognized as 
factois that would greatly increase the hazard of an operation, the fact 
remains that in most patients with moderate hyperthyroidism, many of 
whom were able to perform their daily work, there was no accurate 
guide to separate the good risk from the bad In consequence of this 
inability to piejudge the individual hazard, the suigeon, appreciating 
the narrow margin of safety and sensing the many hidden pitfalls, 
wisely accepted nearly two thirds of the patients as uncertain or poor 
risks, and adjusted the entire suigical management on this basis In 
order to protect such patients, any special needful treatment had to be 
administered also to a large group, many of whom did not actually 
require it This was extravagant and, under certain circumstances, 
impracticable 

The introduction of iodine into the method of pieparmg the patient, 
under cooperative management, has wi ought a complete change in these 
conditions, for no longer does the specter of death from an unexpected 
postoperative explosion continually confiont the surgeon With the 
remarkable decline in the moitality rate, the surgical treatment has been 
so altered that preliminary ligations have been practically abandoned 
and the two-stage piocedures are employed only m exceptional instances 
m which indications are clearcut Howevei , excessive enthusiasm should 
not be permitted to impair the surgeon’s critical faculties to the extent 
that he accepts all postoperative deaths, under the present management, 
as inevitable Instead, he must search for then cause and prevention 

Are there today any recognizable factors in the patient’s condition 
that influence the hazard of operation^ In an attempt to answer this, a 
review was made of all the patients with exophthalmic goitei and of 
those with adenomatous goiter and hyperthyroidism who weie opeiated 
on in the Mayo Clinic from Jan 1, 1925, to Dec 31, 1928, inclusive, with 
the idea of determining the influence on the mortality rate of age, dura- 
tion of the disease and the severity of the hyperthyroidism as measured 
by the basal metabolic rate Other factors, such as debility and the 
degree of myocardial or hepatic degeneration, which can often be 
detected clinically but which cannot be precisely estimated, were not con- 
sidered The simple goiter without hyperthj'roidism was not included 
m the study, since the operative hazard in these cases is slight and the 
number of deaths is too small to be of any statistical value During this 
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ptriod there \\erc 5 081 patients operated on tor exophthalmic goiter and 
2,171 for adenomatous goiter uith In pertln roidism Forty-six of the 
tormer died a mortalit\ of 0 9 per cent and t\\ent\-nine ot the latter 
died a mortahu of 1 3 per cent 

INFLUENCE OF THE DERATION OF H\PERTH\ROIDISM \ND 
AGE ON MORT\LIT\ RATE 

From the records of 1,477 cases of exophthalmic goiter it nas not 
possible to obtain nith am degree ot accuracj the probable time ot the 
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Fig 1 —Exophthalmic goiter The effect of age and of duraUon of disease 
on the mortahn rate %\ith and without iodine treatment 


onset of the disease In the other 3,604 cases, the time of onset was 
definite and these were grouped under three headings, according to the 
duration m months of the In pertln roidism For comparison, a similar 
study was made of the records of all the patients wnth exophthalmic 
goiter operated on during the lears 1919 1920 and 1921, who had not 
been gnen iodine Ot the 1 950 patients 81 died — a mortaliti ot 4 15 
per cent In 1 308 cases the time of onset ot the disease could be 
detcnnined and thei were grouped similarh according to the duration 
of the In pertln roidism 
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The marked benefit of giving iodine in surgical cases of exophthalmic 
goiter IS seen by comparing the moitality late in the two senes (fig 1) 
In both senes the duration of the disease exei ted a pronounced influence 
on the mortality rate, moie marked in the later senes, in which iodine 
had been given This can be explained by the fact that m the early case 
of exophthalmic goiter there is usuall}' only one additional operative 
hazard, the severity of the hypei thyroidism, ivliile in the late case there 
are two, the severity of hyperthyroidism and the presence of visceral 
degeneration As iodine ivill largely control the danger incident to the 
severity of the hyperthyroidism, it has eliminated the only additional 
surgical hazard in the early case, whereas it has removed only one of 
the two hazards in the late case It is appaient, then, that the longer the 
patient has the disease befoie submitting to surgical procedures, the 


Dmation of Exophthalmic Goitci 
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greater the operative hazard However, there is a definite trend year 
by year for the patient with exophthalmic goiter to seek operation 
sooner after the onset of the disease (table), and this is the most 
hopeful sign in the solution of the goiter problem 

Among patients having adenomatous goiter with hyperthyroidism, 
the duration of the hyperthyroidism had an equally significant influence 
on the mortality rate (fig 2) 

With the exception of the group of patients aged less than 20 years, 
the advance of years beyond 40 is an increasing factor of significance in 
the surgical mortality rate in cases of exophthalmic goiter It would 
appear that the resistance to the disease in the young is definitely less 
than after full maturity This fact has long been recognized, and for 
the young a longer period of preoperative preparation has been urged 
Age plays a far more prominent part in the mortalit}" rate of 
patients who are suffering from adenomatous goiter with hyper- 
thyroidism than of those who have exophthalmic goiter One patient, 
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a girl aged 19 ^\ho had been an ln^alld for mam }ears as the result of 
an attack of anterior pohonnehtis in childhood, r\as the only patient 
aged less than 20 ■v\ ho died Because ot great r\ eakness she n as unable 
after operation to raise the mucus, the mucus accumulated and she 
hterall} dro\\ned in her o^\n secretions age was in no waj a factor 
The greatest mortality, rate occurred in patients ot adranced jears 

HEIGHT or B\S-\L METABOLIC R\TE 

In the anal} sis of this senes of cases of exophthalmic goiter, it 
w'as clearh demonstrated that the height of the basal metabolic rate 



^Indeterminaxe aurauon in Ul.^ cases 
Fig 2 — \denornatous goiter with h'perth\roidisiTi The effect of age and of 
duration of the disease on the mortahu rate 

was a significant factor in the mortalit} rate Viewed as a whole a con- 
siderabl} larger percentage of deaths occurred if the basal metabolic 
rate was more than than it it was less than and it would 

appear that the higher the rate abote -i-75 the greater the operatne 
hazard (fig 3 a) Contrasting the two series of cases of exophthalmic 
goiter, It was found that twent} (1 per cent) of the patients who had 
been operated on w ithout being gir en iodine died from a postoperatn e 
h\perth\roid reaction within twent^-tour hours, whereas onh seien 
(0 14 per cent) ot those who had had iodine died in a similar manner 
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It would seem that the effect of iodine was gieatest on the patients with 
a moderate or low basal metabolic late (fig Zb) The influence of the 
height of the metabolism on the suigical hazaid in the cases of adeno- 
matous goiter with hyperthyroidism is similar to that in cases of 
exophthalmic goiter (fig 3 c) 

SURGICAL HAZARDS 

The increased potential hazaids in surgery of toxic goiter can be 
conveniently divided into (1) the development of an overwhelming 
postoperative hypeithyioid crisis, (2) the debility of the patient result- 
ing from the intensity of the disease oi the long continued hypei- 
thyroidism, advanced age, or from some intercurrent disease, and (3) 



nai recorded in 36 cases *BMR not recorded in 22 cases 
■ BMR not recorded in 27 cases 


Fig 3 — Mortality rate based on the height of the basal metabolic rate a, 
exophthalmic goiter without iodine treatment, li, exophthalmic goiter with iodine 
treatment, and c, adenomatous goiter with hyperthyroidism 

increased technical difficulties occasionally met with in huge obstructive 
goiters In fifty-eight of the seventy-five fatal cases in this series, 
necropsy was performed The most common anatomic abnormalities 
were myocardial degeneration, which in five instances produced arterial 
emboli, pneumonia, pulmonaiy edema and atrophy of the liver 

Is it possible, on the basis of these potential dangers, to gage with 
a reasonable degree of accuracy the surgical hazard of the individual 
patient with goiter 7 To determine this a written preoperative record 
must be made of the individual ratings of all patients and then the 
mortality checked with these ratings An attempt to carry out this 
plan was made on one service in the clinic The grading of operative 
risks was made on the basis of 1, 2, 3 and 4 The normal risk of the 
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patient ^\lth goiter iinassociated with liyperthyroidism was graded 1, and 
the normal risk of the patient with goiter associated with hj perthj rodism 
was graded 1+ The estimation of an^ additional hazard was added 
to the normal rating In this series 1,486 patients with toxic goiter 
were operated on during the }ears 1927 and 1928 Eleien patients 
died Of the total number, the risk m 251 cases (18 per cent) w'as 
adjudged to be moderatel} increased, and m fifteen cases (1 per cent) 

19 ^ 7-1325 



Fig 4 — ^Mortalitj rate based on predeterminate risk 


to be greatly increased (fig 4) Nine of the eleten patients who died 
w'ere in these tw'o groups, comprising 19 per cent of the total It is 
evident that although it is not possible to foretell which patient wall not 
survive the operation, it is possible from a clinical estimate of the 
hazard to select a small group (19 per cent) from which 81 per cent 
of the mortality will be denied 

TRE.\TMEX*T 

The treatment of the patient representing a poor risk is dn ided into 
three stages, preoperatne, operatne and postoperatn e, no one of which 
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can be consideied to outiank the otheis in impoitance, as success is fre- 
quently dependent on the caieful management of all thiee 

Pieopeiatwe Treatment — Secondaiy in impoitance only to iodine 
treatment has been the oiganization of cooperative management of 
patients with toxic goiter whereby thioughout the entire peiiod of 
obseivation they aie undei the joint supervision of the internist and 
the surgeon Undei such a system the opeiative hazard can be moie 
accuiately estimated, the patient who is a pooi iisk can be piepared 
moie intelligently and complications can be more quickly detected and 
efficiently managed Iodine, a diet high in caloiies, and adequate rest 
are essential to the pioper piepaiation foi opeiation of all patients 
with exophthalmic goitei The details of this management have been 
discussed fiequently, and heie I shall emphasize only ceitain additional 
measures necessary for the handicapped patient 

Not infrequently, patients with severe hyperthju oidism aie opeiated 
on before they have been adequately piepaied This eiror is sometimes 
accounted for by an unfounded belief that the effect of iodine on the 
disease is tiansient, and that to obtain its maximal benefit the opeiation 
must be perfotmed within the limited time of fiom two to thiee weeks 
Although fiom eight to twelve days is sufficient time foi the prepaiation 
of most patients, a consideiably longei peiiod is required by others, 
particularly those who on admission aie gieatly piostiated fiom acute 
severe hypeithyroidism To operate on such patients befoie they have 
at least paitially regained then weight and stiength may piove disastious, 
but a delay of thiee or four weeks oi longer ivill insuie an easy con- 
valescence Adequate lest does not necessaiily imply contmous confine- 
ment to bed up to the time of the opeiation This is debilitating, and 
when a patient is thus confined he becomes a fit subject foi the develop- 
ment of postoperative pulmonaiy complications If strict confinement is 
necessary, as it is foi patients with cardiac decompensation, it is 
advantageous for the patient to be up and about a part of each day, 
until he has lecovered his strength, befoie opeiation is undertaken 
In my experience, the observance of this lule has been of inestimable 
value 

In preparing patients with obvious cardiac disease, one is fiequently 
tempted to administer digitalis in the hope of quieting the heait and 
increasing its reserve Since 1923, howevei, at Plummer’s suggestion 
digitalis has been given only occasionally, for example, to patients with 
cardiac decompensation when rest alone has failed to lestore the com- 
pensation The results have fully justified this policy Deaths cannot 
be attributed to failure to give digitalis, and unquestionably con- 
valescence has been smoother 

Patients with degenerative changes in the liver, as evidenced by the 
phenoltetrachlorpbthalein retention test, and those with diabetes melhtus 
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nia\ ha\e tlic ghco£;cn re^enc niatcnalh increased b\ preoperatne 
preparation in the first "roup In the intraAcnous injection of 10 per 
cent dextiosc in sodium chloride solution and in the second M a diet 
high in calories and rich in carholn d rates supplemented hi adequate 
insulin to make possible its utih/ation 

OpLiattze Tuaiment — The choice and the manner ot admmistenng 
the anesthetic are ot prime consideration in the operatic e treatment of 
the patient who is a poor risk It is not unusual for enthusiasts to 
adcocate some particular inhalation anesthetic as being peculiarh suit- 
able tor operations on patients with goiter From m\ experience I am 
in thorough accord w ith the teachings ot Crile, that the emplojanent of 
prolonged inhalation anesthesia is deleterious to tlie handicapped patient 
Local anesthesia alone is not essential, and moreocer it cannot be 
administered successful!} to man} of the patients I hace found that 
infiltration with procaine h} drochloride supplemented by nitrous oxide 
and OX} gen is the most satistacton method ot anesthesia Under this 
method the acerage duration of administration of gas is from eight to 
ten minutes For patients with obstructice despnea local anesthesia is 
definitel} indicated Sodium am} tal (sodium iso-amclethcl barbiturate) 
narcosis has been emplo}ed m the INIaco Clinic with success m man} 
operations on the th}roid gland, but I am ot the opinion that it has 
one disadcantage which should precent its general use in this field 
Patients are asleep during the entiie operatic e procedure, and therefore 
it is not possible to test the function of the c’oeal cords be hacmg the 
patient speak or cough The discocer}*^ of an injured nerce during the 
course of the operation may be of the utmost calue in its ultimate 
success 

Ligations — In the period before the use of iodine, preliminar}'' 
ligation of the thyroid c^essels was a highly evaluable and almost indis- 
pensable means of preparing for operation the patient who ccas a 
poor risk It cc'as used extensic eh , cc ith most gratit} mg results Toda} 
are there any indications for its emplo}ment^ I said recent!} ^ 

The benefits of polar ligation are obtained bj reducing the intensitc of heper- 
thjroidism The group of patients who recene the greatest benefit irom ligation 
are the same as the group in winch treatment cMth iodine is most effectice The 
earh case of se\ere hcpertlwroidism, with pronounced bruit and thrill ocer the 
th\ roid c essels, responds in a striking manner to ligation, but in this group iodine 
is e\en more effectice In the late cases with the hard, trained gland, iodine 
often apparentU does not affect the course of the disease In cases ot this group 
in c\hich benefit has not been dericed b' treatment with iodine and in which the 
operatic e risk is considered poor on account of the intensitc' oi the he perthc roid- 

1 Pemberton, J dej Exophthalmic Goiter Indications for the Stage 
Operation, Arch Surg 18 735 (Feb ) 1929 
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ism, ligation should be performed as a preliminary procedure It has been my 
experience, however, that if treatment with iodine fails to influence the course of 
the disease, ligation is equally ineffective 

In the Mayo Clinic, ligations have not been employed in the last 
2,000 operations for exophthalmic goitei 

The essential technical featuies of the operation for goiter consist 
in the removal, under aseptic conditions, of excessive th 3 '^roid tissue, 
with the preservation of sufficient gland to maintain the basal metabo- 
lism within noimal limits, with the minimal loss of blood and with the 
least possible trauma to the contiguous structuies In operation on the 
patient who is a poor risk the avoidance of technical errors is of para- 
mount importance, for the margin of safety is so narrow that any 
additional complications may prove to be just sufficient dead weight to 
tilt the scales to the disadvantage of the patient Theoi etically the list 
of the possible errors would make a vaiied and formidable array, but 
actually under modern methods only two occur with a degree of fre- 
quency to be worthy of special note, namely, injury of the recurrent 
laryngeal nerve and postoperative hemorrhage Both of these can be 
prevented only by extreme care m details If the surgeon is in the 
least uncertain as to the effectiveness of the hemostasis, one of two 
additional steps is advisable ligation of one or both inferior thyroid 
arteries at a point proximal to their entrance to the gland, or packing 
the cavity and leaving the wound open I frequently adopt the former 
procedure (fig 5) As I have previously pointed out,® the strict 
adherence to two principles of technic will greatly lessen the chance 
of injuring the nerve the preservation of the posterior mesial portion 
of each lateral lobe, and the avoidance of exposure of the lateral wall 
of the trachea In all cases it is highly desirable that the functional 
integrity of the nerve be determined by having the patient awaken and 
by noting the character of the voice or cough after resection of the first 
lobe 

In the event of injury of a nerve during the removal of the first 
lobe, the surgeon must be acquainted with that fact before the resection 
of the second lobe Experience has proved that the immediate removal 
of a constricting suture unwittingly placed around the nerve will result 
in complete functional restoration m from six to ten weeks , on the 
other hand, I believe that all such sutures allowed to remain will 
eventuall}'^ cause permanent paralysis of the nerve If the nerve has 
been injured during the operation on a patient, who is a poor risk, this 
should be a definite indication to defer the resection of the second lobe 
until a later date Likewise, if the resection of the first lobe is attended 

2 Pemberton, J dej Obstructive Dyspnea Following’ Surgery of the 
Tlnroid Gland and Its Preiention, S Clin North America 4 451, 1924 
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b) excessne loss ot blood or undue prolongation of the operation, it is 
adMsable to postpone the operation on the second lobe Lobectomy 
ma^ be indicated in another group of late cases of t%\o } ears' standing 
or longer, in ^\ Inch the glands are large and firm and may be technicalh 
difficult to resect INIost such patients mil safeh tolerate uncomplicated 



Fig 5 — ^Methods of controlling bleeding a ligation of the branches of the 
indmdual ^essels b, hemostatic suture of the remnant of the gland, and c, 
ligation of the inferior th^rold arteri at a point proximal to its entrance into the 
gland 

subtotal tin roidectoni} , but nould probabh succumb if there were am 
additional burdens, such as those imposed bj the occurrence of a 
technical error Am modification of the operatne procedure that would 
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improve the patient’s condition at a i educed iisk should be substituted 
for primary subtotal thyroidectomy The operative risk of lobectomy 
IS definitely less than that of subtotal thyroidectomy, for the surgical 
trauma and the chances of a technical eiror attendant on the former 
are just half those of the latter If the patient can enduie lobectomy, 
the resulting improvement will be so marked that the second lobe can be 
resected later at a greatly diminished hazard An accident at the second 
stage would not necessarily prove disastrous As a matter of record, 
m the Mayo Clinic, the operation in stages is now being emploj^ed in 
less than 1 per cent of all cases of toxic goiter 

PostopeiaHve Tieatinent — During immediate convalescence a large 
percentage of the patients do not require special treatment other than 
the symptomatic measures employed as a routine However, it is proba- 
ble that in no other field of surgei}^ can moie be accomplished in the 
treatment foi grave complications As already indicated, the most fre- 
quent postoperative complications are obstructive dyspnea, acute hypei- 
thyroid reaction, and pulmonary edema and infections, and, as successful 
management of these is dependent on early lecognition of impending 
signs and the prompt institution of proper treatment, close superMsion 
by an experienced internist is indispensable It is for this type of 
complications, associated with cyanosis, that oxygen treatment, paiticu- 
larly in the oxygen chamber, has pioved to be of great value Recently, 
Haines and Boothby ® reviewed the physiologic basis of oxygen treat- 
ment and analyzed the results m the tieatment for complications in 
126 cases following opeiation on the thyroid gland They summarized 
their observations as follows 

We believe that the therapeutic administration of oxygen by means of the 
chamber or tent is most helpful in a restricted group of cases, such as postopera- 
tne pulmonary edema, bronchopneumonia and respiratory obstruction The 
patients vho show most marked benefit are those with evidence of anoxemia, or 
of impending anoxemia Treatment should be begun as early as possible, as in 
manj instances the progress of pulmonary edema to pneumonia probably can be 
averted Treatment should be continuous, or as nearly continuous as possible, 
until the pathologic process is well controlled Treatment with oxygen 

can be carried out more efficiently in oxjgen chambers than in oxygen tents, 
although excellent results can be obtained in tents properly manipulated We do 
not know that the life of any individual patient has been saved by oxygen treat- 
ment, however, \ve believe that at least an occasional patient is saved when marked 
lowering of the temperature and increased comfort can be secured in such a large 
series of patients who are seriouslj ill Our results not only warrant the con- 
tinuation of this method of treatment but indicate the advisabilitj of more general 
adoption of efficient methods of the administration of oxjgen in those diseases 

3 Haines, S F, and Boothbj", W M Oxjgen Treatment with Special 
Reference to Treatment of Complications Incident to Goiter, Am J Surg 7 174, 
1929 
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known to be benefited b\ its use The patients who obtain the greatest benefit 
are those with postoperatne pulmonarj edema, bronchopneumonia, or respiratorj 
obstruction accompanied b\ cranosis or impending c^anosls 

SUMMARY 

By contrasting the records of a large senes ot patients with 
exophthalmic goiter who were operated on after haMng taken iodine 
with a similar senes of patients operated on without hawng taken 
iodine, the effect of iodine treatment was determined The practical 
elimination of the need for prelimmarA ligations and the remarkable 
decrease in the mortaht} rate from 41 to 0 9 per cent are outstanding 
Furthermore, b} greatly reducing the incidence and seierit} of the 
postoperatne reactions, the most uncertain of the operatiie hazards 
iodine medication has made it possible to e\ aluate more accurateh other 
factors that influence the surgical mortaht} rate The duration and 
sevent} of the Iwperthiroidism as measured by the height of the basal 
metabolic rate and the age of the patient, w ere prm ed to be significant 
influences in the surgical hazard ot all patients w ith toxic goiter Other 
obiious factors that affect the mortaht} rate unta\orabh are iisceral 
degeneration and intercurrent diseases B} proper e\aluation of these 
potential dangers, the surgeon is toda} enabled to predetermine with a 
reasonable degree of accuraci the surgical hazard of the indnidual 
patient wnth goiter B} means of this abiht} to measure the hazard 
it IS possible to estimate the small group of patients from which the 
mortality is likel} to be derned, and to limit the application of am 
additional measures of treatment needed b\ the handicapped patient 

The success of the operatn e treatment of the patient w ho is a poor 
risk is largel} dependent on the a^oldance of prolonged general 
anesthesia and of techmcal errors The indications for the emplo}ment 
of ligation and lobectomy are limited 

Close supemsion is the watchword of the postoperatne care of the 
handicapped patient, for much can be accomplished if complications 
are detected earh and treated intelligenth Treatment b\ ox^gen in the 
chamber or tent, if instituted earl}, is a Aaluable measure m post- 
operatn e pulmonar} edema pneumonia and respiratorv obstruction 

ABSTR\CT OF DISCUSSIOX 

Dr I Terr\, San Francisco To an\ one who is interested m goite- 
surger\ this paper has been ot great lalue I agree with Dr Pemberton 
that the use of compound solution of iodine ha« re\ oliitiomzed the treatment for 
exophthalmic goiter I cannot agree with him entireh as to it= u'e m toxic 
adenomas I Ime not obtained an\ results from using it either preoperatn el\ 
or postoperatw eK and I discontinued using it in tho'e ca^e- But with the case' 
ot In perpla'itic tlnroid the true exophthalmic goiter it has reduced the mor- 
taht\ tremendou'=l\ In the hand> of am one who periorms a lair number Oi 
operations for goiter the mortalit% from exophthalmic goiter should rot be much 
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more than 1 per cent That is what we have had at our clinic since compound 
solution of iodine has been used Previouslj>-, it was 3 5, and e\en 4, per cent 
Tt was much higher than that at the hands of surgeons who were operating only 
occasionally for goiter Dr Pemberton did not have an opportunity to speak 
about the use of digitalis, but I know his views on the subject and they accord 
entirely with ours We use digitalis only when there is decompensation of the 
heart, otherwise not many of these instances of decompensation are among the 
cases of toxic adenoma In operating, it is important to preserve the lateral as well 
as the posterior capsule of the thyroid, with the object of conserving the parathy- 
roids and the recurrent larjngeal nerve This technic has been described by us else- 
where 

Dr Thovas j\I Joyce, Portland, Ore Symptoms and physical signs referred 
to the heart are sought for and expected to be found in every case of thyro- 
toxicosis in which other clinical symptoms of thyroid hyperplasia are met These 
symptoms vary from simple tachycardia to signs of well marked congestive 
cardiac failure We have not recognized a line of demarcation between the early 
signs of cardiovascular disease and the late signs with which comes true failure 
The pathology of the heart lesion in thyrotoxicosis may not be an accepted entity. 
It may not be specific, although certain studies suggest a specificity 

With the presence of a widespread edema, our method of treatment begins 
with a Karelt milk diet, after two days, the diet is changed to a low protein, 
and salt diet and the liquid intake is restricted to 800 cc per day The Minnesota- 
grown powdered digitalis is administered, 4 grains (0026 Gm ) per day, until 
phjsiologic tolerance is reached All digitalis is stopped for a period of three 
days before operation 

Sugar in the urine is a rather frequent complication of hyperthyroidism 
When it IS due to diabetes melhtus it is a serious complication and requires 
careful preparation of the patient for operation On the other hand, when it 
can be classed as a so-called glycosuria it is of no consequence and may be dis- 
regarded When dextrose is found in the urine of a patient suffering with hyper- 
thyroidism, a fasting blood sugar estimation should be made If the blood sugar 
during fasting proves to be within normal limits (between 80 and 120), this does 
not necessarily rule out diabetes, as many patients with mild diabetes present 
normal blood sugar w'hile fasting The usual interpretation of the blood sugar 
cune IS as follows If the blood sugar is above 160 mg in one hour and fails 
to return to normal an hour later after dextrose has been given, a diagnosis of 
diabetes can logicaly be made Parathyroid preservation is of great moment 

Tetany is also produced by temporary swelling of the gland, shutting off of 
the blood supply to the parathyroids and by calcium deficiency from persistent 
\omiting, loss of hjdrochlonc acid in the stomach and consequent alkalosis 
Tetany is easily recognized and almost immediately relieved by the intravenous 
injection of parathormone and calcium chloride 

Bilateral injury to the recurrent laryngeal nerve is the most serious accident 
that can occur in surgical measures on the thyroid Suturing of the nerves has 
not proYcd satisfactorj, and the prospect of wearing a tracheotomy tube for life 
presents a most gloomy outlook for the patient 

Dr C C Tiffix', Seattle Dr Pemberton stated that there are facing two 
gra\e dangers m thjroid surgerj — ^hemorrhage, and injury to the recurrent laryn- 
geal ner\e The exclusne use of local anesthesia in operations on the thyroid 
during a period of jears has caused me to give special consideration to its many 
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ad^ antages The surgeon must be w illmg to do a little more \\ ork, but its use ill 
minimize the dangers ot mjur> to the recurrent larjngeal nene During the oper- 
ation, the patient is required to talk, through the continued use of the pinchmg 
forceps preceding the use ot the knife, injur\ to the nene is minimized This 
technic makes goiter surgerj much safer The patient ■nill not die of “collapsed 
trachea,” and he can speak aloud uhen he lea\es the operating room 

The dangers of hemorrhage are minimized through the cooperation of a con- 
scious patient I belieie that th^rold surgerj, done in this uaj, is much ’ess 
of a major procedure uhen it is based on the great pnnciples of careful prepara- 
tion brought to our attention bj Dr Plummer and the iMajo Clmic 

Dr E O HotjDA., Tacoma, Wash It is singular that so little distmchon 
IS made in the literature between thiroid normalc\ and pathologj In discussions, 
both are usuallj mixed in a maze of sophistries and paradoxes, re\ohing about 
a fetish consideration of iodine Kormalcj implies a unit of measure agamst 
which pathologv is weighed Acceptance of the present calculations found m 
literature relating to the quasisubstantiation of the iodine deficiencj theory is a 
tacit admission that a critical studj had not been made Phjsiology has ne\er 
contributed a direct answ er to 'the cause of am pathologj In the light of 
normal calculations bj Kendall which show' that from 1 to 2 mg of iodine per 
year maintains normal thjroid biologic chemistrj, McClendon’s normal figures 
m a three-daj test in kimnesota which showed a calculated jearlj retention of 
3 65 mg from an intake oi 7 3 mg, and \on Fellenberg’s tests on himself which 
showed that he eliminated the entire intake while on the low diet of approximatelj 
0 01 mg per daj , or 3 65 mg per \ ear, the theorj is built on a w eak foundabon , 
since It is shown bj accepted figures that the j early excretion, through the 
kidnejs alone, by persons with goiter who li\e in the dense goiter belts is in 
amount not onlv far beiond the phjsiologic requirement, but in manj instances 
IS that contained in a rich h^pothetlC diet 

There haie been no reported determinations made in anj district to show a 
physiologic deficiency ot iodine ]ilarine states that there is ^et an ultimate 
undetermined factor with which the peccanci of the goitrous gland must be 
connected 

A\ailable statistics show that only an exc6ssi\e intake of 'iodine reduces the 
incidence of the disease 

Bacteriologi holds the kej to the solution of goiter On the observations in 
a consecutive series of more than 500 specimens collected in the Puget Sound 
district. It is stated that endemic goiter is caused bv a facultative anaerobic 
coccus, which fails to be identified with classified bacteria 

The good accomplished bj iodine, which invariablv is given in massive doses 
when compared with phvsiologic needs, is unquestionablv due to an alterative 
effect on the ultimate cause, whereas its occasional evnl effects in the precipitabon 
of toxic svmptoms are due to a consequentiallv improved functional capacitv of 
the multiplied cells, and an obviouslj increased thjroid secretion 

The toxic tvpes ot goiter are due to and sj-nchronous with an active infecbous 
process which is centralized in the thvroid, bv selective action, but not limited to 
It, Its metastatic dissemination being the basis ot secondarj organic pathology in 
other parts Antigen made from cultures is specific tor the infecbon causing 
endemic goiter Preoperative detoxication is effected without therapeubc admin- 
istration of iodine, and postoperative autogenous antigen effects an earlv and 
complete dissipation oi residual svmptoms Surgerv is a necessarv factor in the 
established and irreversibh fixed goiters, but subtotal tin roidectomv with antigen 
treatment is a needless sacrifice oi important tissues 
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Dr J Earl Else, Portland, Ore Many patients \\ ith goiter cannot take com- 
pound solution of iodine They vomit It cannot be guen by rectum, because it 
IS purging Dextrose given intravenously will stop this crisis almost immediatelj 
because it is due to acidosis The toxic goiter in pregnancy causes a great deal 
of anxiety Some observers advise that the uterus be emptied In my judgment, 
there is never any indication to induce an abortion in these cases In the early 
months of pregnanaci, with the proper treatment for the goiter the majority of 
patients can be operated on and go to term, without a miscarriage In the later 
months of pregnancy, we advise the use of roentgen rajs, it is the only instance 
when we use the roentgen ravs in the treatment for goiter With the use of 
roentgen rays these patients can be cared for through confinement and be operated 
on about six weeks later 

We have had two deaths from tracheal collapse I do not believe that ive 

should have them, we consider it our fault In the lerj large, diffuse adenom 

atous goiters, pressure on the trachea results in a weakening of the tracheal 

rings, so that they wnll collapse if the entire thjToid is removed at once When 

we see these cases now, and w'e do not see them often, we remove only one side 
of the gland, w'ait from six wrecks to two months and then remove the other side 
In one patient w^hom I saw', after removing the second lobe a tracheal collapse 
occurred as a result of removing the entire goiter at one time, we therefore 
adopted the stage operation It is about the onlj instance in w’hich we find an 
indication for stage operation I am under the impression that tracheal collapse 
can be prevented It must be remembered that one operates not merely to remoie 
the goiter at the time, but to make the patient w'ell thereafter In experimental 
work on animals, we found that regeneration of the thiroid W'as normally com- 
pleted in a period of from three to four weeks, if the dogs were given iodine after 
the operation If iodine w'as not given, sometimes the hi perplasia became excessive 
Iodine should be given, therefore, during the regeneratii e period after the 
operation 

Dr J deJ Pemberton, Rochester, Main I am in thorough accord with 
everything that Dr King said 



THORACIC SIAIPATHETIC CARDIAC NERVES IN MAN 

THEIR RELATION TO CERMC\L S\iCP\THETIC 
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\LBERT KUXTZ, PhD, MD 

\^D 

ALBERT :M0REH0USE, AB 

ST LObIS 

The application ot suigerj imolving extirpation of the inferior 
cenical s3Tnpathetic ganglions, particular!} in the treatment of patients 
Mith diseases imohing the blood lessels of tlie upper extremities, has 
revn ed interest m the anatomic relationships of the S} mpathebc cardiac 
nenes and necessitated a reim estigation ot the exact sources and dis- 
tribution of these nenes 

Although Valentin ^ described nen es that arise trom the medial 
aspect of the second thoracic s}mpathetic ganglion in man, extend 
mediamvard and downward, and send some fibers into the cardiac plexus, 
the more recent accounts of the mnenation of the heart m man and in 
lower mammals, with tew exceptions make no mention of cardiac nen es 
arising from the simpathetic trunks below the inferior ceriical ganglion 
According to the current textbook statements, the s}mpathetic mnena- 
tion of the heart is mediated soleh through the superior, middle and 
interior S}mpathetic cardiac nenes, which arise from the superior, 
middle and interior cenical s}mpathetic ganglions respectnel} On 
the basis of this teaching it has been regarded b} some as unsafe to 
extirpate the inferior cenical simpathetic ganglion bilateral!}, since this 
procedure would interrupt all cardiac accelerator fibers 

The existence ot cardiac accelerator nenes arising from thoracic 
segments of the simpathetic trunks is indicated by both clinical and 
experimental data Thoracic cardiac nenes also hare recenth been 
described in man and in Ion er mammals Perman - traced nen es arising 
tioin the third to the sixth thoracic ganglions into the cardiac plexus m 
certain Ai fwdactyla (the call and the lamb) He nas also able, in a 
ten instances, to trace nenes from the second thoracic snnpathetic 
ganglion to the heart in man but concluded that no cardiac nen es arise 
trom the s\Tnpathetic trunk in man beloV( the second thoracic segment 

* Submitted for publication, Oct 20 1929 

■^rrom the St Louis L'nnersit\ School ot Medicine 

1 Valentin Traite de neurologic Pari' lS-13 

2 Perman E -tnatomi-che Untcr'uchuncen fiber die Hcrznericn bei den 
hoheren Saiigetieren und beim Men'clien, Ztschr i \nat u Entwg 71 382 1924 
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Cannon, Lewis and Britton ® weie able to trace nenes from tlie medial 
aspects of the fiist thiee oi four ganglions below the stellate ganglion on 
both sides in neaily all of the cats that they examined Occasionally 
they could also trace neives medianward fiom the fifth and sixth tho- 
racic ganglions They succeeded only poorly in tracing any of these 
nerves to the heait, but the physiologic evidence of the existence of 
thoracic cardiac nerves that they obtained is convincing Dresbach and 
Waddell ^ claimed to have tiaced nerves from the sympathetic trunk as 
low as the fifth thoracic segment into the caidiac plexus in the cat 
Reigele,'^ who studied the innervation of the heart in apes, described 
rami that arise from the sympathetic trunk m the upper three thoracic 
segments and unite to foim a single nerve that joins the middle cervical 
sympathetic caidiac nerve on the left and the vagus on the right side 
He also desciibed a cardiac nerve aiising from the fourth thoracic sym- 
pathetic ganglion on both sides According to Jonesco and Enachescu,® 
who described thoiacic sympathetic cardiac nerves in the cat, dog, calf, 
sheep and man, these neives are best developed in At tiodactyla and 
man On the basis of their observations in human fetuses and two 
adult cadavers, they concluded that the thoracic cardiac nerves are con- 
stant in man and usually occur bilaterally According to their observa- 
tions, these nerves arise mainly from the ganglions or intervening 
portions of the sympathetic tiunk in the second to the fifth thoracic 
segments They commonly anastomose with each other and with the 
inferior cervical sympathetic cardiac nerve and caidiac branches of the 
vagus 

Our study of the thoracic sympathetic cardiac nerves in man is based 
on adult and young cada^ers and on stillborn fetuses The following 
description of the nerves is based mainly on our observations on adult 
cadavers The cardiac plexuses and the intei communications of the 
nerves entering them remain i datively simple in the fetus It is possi- 
ble, therefore, to trace individual nerves and their blanches nearei to 
their terminations in relation to the heait than in the adult, but the 
smaller nerves entering the cardiac plexus are so delicate in the fetus 

3 Cannon, W B , Lewis, J T, and Britton, S W A Lasting Preparation 
of the Denervated Heart for Detecting Internal Secretion, with Evidence for 
Accessory Accelerator Fibers from the Thoracic Sympathetic Chain, Am J 
Physiol 77 326, 1926 

4 Dresbach, M , and AVaddell, K C K-Strop!ianthidin Emesis in Cats with 
Denervated Hearts, J Pharmacol & Exper Therap 27 9, 1926 

5 Riegele, L Ueber die Innervation der Halz- und Brustorgane bei einem 
Affen, Ztschr f Anat u Entwg 80 777, 1926 

6 Jonesco, D , and Enachescu, M Untersuchungen bei Saugctiercn und beim 
IMenschen fiber die aus dem Brustgrenztrang Unterhalb des Ganglion stellatuni 
entspnngenden Herznenen, Ztschr f d ges Anat 85 476, 1928 
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that the^ can be ti aced onh ^Mth the greatest difficult} Weha^e there- 
tore, preferred to describe the thoracic cardiac ner\es in the adult 
cadaver, although it is impossible b\ dissection to determine the exact 
distribution of an} gnen ner\e A\ithm the cardiac plexus 

In all the cada^ers examined a ner\e could be traced from tlie 
medial aspect of both the second and the third ganglion of the s\anpa- 
thetic trunk below the inferior cer\ical ganglion or from the mtergangh- 
onic portions of the s\ mpathetic trunk m the second and third thoracic 



Fig 1 — A drawing from a dissection of a human cadaier illustrating the 
neries entering the cardiac plexus from the right side 

segments These nertes commonh unite forming a single trunk which 
tends medianward and downward and gites rise to branches some of 
which join one or more of the cenical simpathetic cardiac neries and 
cardiac branches of the Aagi others enter the deep cardiac plexus 
directh In some instances a branch could also be traced into the 
superficial cardiac plexus This branch occasionalh loins the superior 
cardiac ncr\e on the left side In mam instances a ramus arising from 
the fourth thoracic ganglion also joins this ner\e On the right side 
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it passes posteiioi to the esophagus and appioaches the deep caidiac 
plexus between the esophagus and the lateial aspect oi the aorta It 
also sends a few small blanches into the light pulmonaiy plexus On 
the left side, it passes posteiior to the aoita and appioaches the deep 
caidiac plexus fiom the light side One or inoie blanches of this neive 
often anastomose with blanches of the coi responding neive on the 
right side befoie the lattei joins the caidiac plexus A nerve also arises 
from the fouith thoiacic ganglion of the sjmpathetic tiuiik which, 
on the light side, can be traced dnectly into the deep cardiac plexus 
On the left side, the neive passes jDostenor to the aorta and 
joins the deep caidiac plexus fiom the right side These nerves 
also supply slendei blanches to the pulmonary and esophageal plexuses, 
paiticulaily on the light side In the majority of the cadavers 
examined, slendei nerves could also be tiaced from the fifth and sixth 
thoracic ganglions of the sympathetic tiunk toward the aorta bilaterall)’’ 
In some instances, branches of the neive arising from the fifth thoracic 
ganglion on the light side could be traced into the deep cardiac plexus 
Other branches became incorporated in the plexus on the descending 
aorta In no case could branches of neives arising from the sympathetic 
trunk below the fifth thoracic ganglion be traced into the cardiac plexus 
The possibility that components of the nenes aiising fiom the fifth and 
sixth thoracic ganglions of the sympathetic trunks ma)’- reach the deep 
cardiac plexus on the descending aoita, however, is not precluded 

Clinical and experimental data strongly suggest that the caidiac 
nerves that arise fiom ganglions of the sjmipathetic tiunk below the 
inferioi ceivical ganglion, like the one arising from the latter ganglion, 
convey both sympathetic and visceral afteient fibers The sjrapathetic 
components of these nerves are at least in part caidiac accelerators 
Cannon, Lewis and Britton ^ weie able to elicit reflex caidiac accelera- 
tion in the cat, following bilateral extirpation of the inferior cervical 
and first thoracic ganglions and exclusion of all humoral cardiac 
accelerators, until the upper six or seven thoracic segments were 
remo\ed on both sides Bilateral extirpation of the upper three oi 
fom thoiacic segments of the sympathetic tiunk, following removal of 
the inferior ceivical sjmpathetic ganglions, in then experiments did 
not completely abolish leflex caidiac acceleration Adson and Brown ^ 
also reported reflex cardiac acceleration in patients following bilateral 
extirpation of the infeiior cerwcal and the first and second thoracic 
ganglions 

7 Adson, A ^V , and Bro^\n, G E Successful Surgical Treatment of a 
Case of Raanaud’s Disease of the Upper Extremities b\ Dorsal Ganglionectomj, 
Proc Staff Meet, Ma%o Clin 3 266, 1928 
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According to Jonesco Enachescu and Teitel ® stimulation of the 
peripheral ends of the thoracic cardiac ner\es follo\Mng section elicits 
acceleration of the heart rate and augmentation ot the force ot cardiac 
contraction Stimulation ot the central ends ot these ner\es elicits 
■\ascular reflexes, changes m the cardiac rhrthm and pain jMechamcal 
and chemical stimulation of the heart and aorta m their experiments, 
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Figr 2 — \ drawing from a dissection of a human cadaver illustrating nerves 
entering the cardiac plexus irom the left side 


resulted m pirn reactions tollovvmg section ot all the afferent fibers 
that pass through the inferior cervical and first thoracic ganglions The 
same stimulation did not elicit pain reactions tollovvmg section ot 

8 JoiK-co D Einclie--cu "Xf and Teitel -X B Leber erne iieue Gmppe 
von Sv mpathi'clien aiis dem Brustgreiiz^trang L'nterhalb dc; Gancho i stellatum 
ent'pringenden Herzncrveii Klin X\ cliii'clir 7 991 1928 
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tlioiacic caidiac nenes in addition to bilateral extiipation of the inferior 
cervical and the first thoiacic sympathetic ganglions 

The thoiacic caidiac nerves aie made up mainly of postganglionic 
fibers that aiise fiom neuions in the ganglions of the sympathetic trunk 
The existence of medullated fibeis comparable in cahbei to the visceral 
affeient components of the infenoi cervical sympathetic cardiac nerve 
corroboiates the expeiimental data cited which indicate that the thoracic 
cardiac neives also convey afifeient impulses fiom the heart 

Osmic acid pieparations of the thoracic caidiac neives obtained at 
autopsy m a child 8 months of age show that these nerves are made 





A B 

Fig 3 — Camera lucida drawings of cross-sections of osmic acid preparations 
of nerves, illustrating distribution and relative size of mjelmated fibers A, 
thoracic cardne nerv cs , B, sector of the dorsal root of third thoracic spinal 
nerve 


up mainly of uninvehnated fibers The} also contain myelinated fibers, 
some of which are equal in caliber to the laigest myelinated fibers m the 
cardiac nerve tliat arises from the inferior cervical sympathetic ganglion 
The laiger fibers, doubtless, are general visceral afteient fibers supplying 
the heart 

Figure 3 repiesents camera lucida drawings of equal magnification 
of the mvelmated fibers in cross-sections of thoracic cardiac nerves and 
a sector of the dorsal root of one of the corresponding spinal nerves in 
a dog The thoracic cardiac nerves, as illustrated m figure 3/1, con- 
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tain in}elinated fibers ot small and medimn caliber The smaller m\e- 
Imated fibers m these nenes, like the iinmrehnated fibers in them, 
probably are sranpathetic The larger nnehnated fibers are defimtel} 
larger than the smallest m3ehnated fibers in the dorsal roots of the 
corresponding spinal neries (fig 3 B) Since the preganhonic fibers 
imohed in the innerration of the heart do not extend be3ond the 
S3inpathetic trunk, and since m3 ehnated postganglionic fibers are mainl3 
fibers of small caliber the larger m3 ehnated fibers m the thoraac nenes, 
like the corresponding fibers in the inferior cen ical S3 mpathetic cardiac 
nerres, probabl3 must be regarded as general nsceral afferent fibers 
From our obsen ations, it ma3’^ be assumed that a certain percentage 
of botli the cardiac accelerator fibers and tlie general visceral afferent 
components of the cardiac nen^es remain intact following bilateral 
extirpation of the infenor cemcal S3 mpathetic ganglion or extirpation 
of this ganglion together vith the first and second thoracic segments 
of the S3Tnpathetic trunk IMore complete knowledge of the effect of 
extirpation of the inferior cemcal S3 mpathetic ganglions or section of 
the cemcal S3 mpathetic cardiac nerres on cardiac function awaits 
further investigation 



NEUROPATHIES OF THE BONES AND JOINTS 


REPORT or A CASE OF AN ARTIIROPATIIV OF THE ANKLE DUE TO 
A PERIPHERAL NER\ E LESION ^ 

A. R SHANDS, Jr, MD 

DURHAM, N C 

A review of the literature has revealed no complete classification of 
the neuropathic lesions of the bones and joints Turney has given 
the most detailed account of these abnormalities Chipault,- Goodhart," 
Albee ^ and others have mentioned the difterent conditions in which 
the lesions occur, but there is no agreement as to the etiologic grouping 
Hence the following classification, based on etiologic factors, is presented 

1 Tabes Dorsalis 

2 Syringomyelia 

3 Following Lesions of the Peripheral Ner\es 

(a) Injury 

(b) Peripheral neuritis 

(c) Leprosy 

4 Following Lesions of the Spinal Cord 

(a) Injury 

(b) Congenital malformations 

(c) Tumors 

(d) Tuberculosis of the spine 

(<?) Acute myelitis 

(/) Anterior poliomyelitis 

(ff) Progressive (central) muscular atrophj 

(1) Aran-Duchenne tjpe 

(2) Spastic type (amyotrophic lateral sclerosis') 

5 Following Lesions of the Cerebrum 

(o) Dementia paralytica 

(b) Hemiplegia following cerebral hemorrhage 

The first two groups, tabes dorsalis and syringomyelia, are so com- 
mon compared with the others that they are gnen separate headings 
These might be included under lesions of the spinal cord 

" Submitted for publication, Oct 9, 1929 
From the Orthopedic Department of the Emergenc\ Hospital, 'Washington, 

D C 
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Charcot ^ as the first to describe the arthropathies associated ith 
tabes dorsalis He presented tour cases in mIhcIi there appeared sud- 
denl} a firm painless s■^^elhng that extended to the surrounding sott 
parts and in uhich there apparent!} ^^as no preceding trauma The 
rapid changes ^^hlch occurred in the surfaces of the joints ga\e rise to 
luxations and false positions of the bones shorth after the onset 
Because of this earh accurate description of these arthropathies, these 
conditions, -rthether associated with tabes or not, ha\e often taken the 
name ot Charcot joints Allbutt was the first to describe this condition 
in English, being follow ed shortly b} Buzzard ' and Thompson ® 

Schultze and Kahler “ ( 1888) w ere the first to describe the changes 
ot the joints in sjringomjeha similar to those found b} Charcot in 
tabes Schlesinger w’ho has collected and reported 150 cases, has 
given the most complete account of these joints m sjTingom} elia He 
has show'll that ivhereas in tabes the lower extremit} is more often 
affected, in s} ringoni} elia it is the upper extremit} 

The first instance of changes in the joints following mjur} to the 
peripheral neries was reported b} Packard, arthropathies of the foot 
and the knee followed compression of the sciatic nerve by a tumor 
'Weir MitchelP- reported a case m which, following an injury to the 
brachial plexus due to a dislocation of the shoulder, extensive joint 
lesions developed He added furtlier that wounds or any lesions of 
ner^es mat produce in the lomts inflammator} conditions, usually sub- 
acute, w Inch so preciseh resemble rheumatic arthritis in their sj-mptoms 
and results that no clinical skill can discnminate between the two 
Jvfitchell gat e the first desci iption of tlie spontaneous fractures w hich 
sometimes occur in tabes dorsalis Chipault found a destructive 

5 Charcot, J Sur quelques arthropathies qui paraissant d ependre d’une 

lesion du cerveau on de la moelle epmiere. Arch de plwsiol norm et path 1 161, 
1S6S 

6 Allbutt, Sir Clifford Remarks on a Case of Locomotor -Vtaxj with 
Hv drarthrosis St George s Hosp Rep 4 259 1869 

7 Buzzard T Progressne Locomotor Ataxs with -knomalous Joint -Affec- 
tion, Lancet 2 261, 1874 

8 Thompson Case of Asmergia with Arthropathv, M Times S. Gaz 2 
151, 1877 

9 Schultze, F, and Kahler, O quoted from Leede C S Arthropathien bei 
St riiigomv elie Munich, 1908 

10 Schlesinger H Die S^^I^gom^eIn, ed 2 Leipzig, 1902, pp 93-140 

11 Packard, quoted b\ Mitchell S \\ Tr Path Soc Phila , October, 1863 

12 Mitchell, S Weir Inuiries ot Xerves and Their Consequences, Philadel- 
phia, T B Lippincott Compani, 1872 

13 Alitchell, S eir The Influence of Rest on Locomotor \tax\. Am T 
M Sc 66 113 1873 

14 Chipiult A Arthropathies nerveu'es arthritcs seches corps etrangers 
articuhires traite de cliirurgie cliiiiqiie ct operatoire Paris Le Dentu et Delbet, 
18^6 \ol 3, p 435 
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arthritis of the elbow in a patient whose brachial plexus was compressed 
by callus formed in connection with a broken clavicle 

Bowlby^® cited cases of Blum, Ogle and Arnozan, in which there 
were changes in the bone following nerve injuries The chief altera- 
tion, however, seemed to be a simple atrophy of the osseous tissue such 
as might result from disuse Bowlby stated that he had seen no cases 
and concluded that they are of rare occurrence Hirsch described a 
case of atrophy of the bone following an injury to the median nerve of 
the arm Goldscheider reported a case of atrophj^ of the bones of the 
hand following disease of the ulna nerve Fleishhauer cited a case of 
atrophy of the bones of the foot which developed three months after 
a traumatic neuiitis of the peroneal nerve Maliwa^® reported several 
cases of atrophy of the bones of the hands, especially the phalanges, 
following nerve injuries Lehmann described six cases of atroph}’ of 
the bones of the hands following nerve injuiies, and two cases of atrophy 
in the os calcis following injury to the sciatic nerve Campbell 
observed a case of atrophy of the bones of the foot, following an 
injury to the posterial tibial nerve Nonne has observed atrophy of 
bones within four weeks after a nerve lesion, while Kohler has 
described it as often occurring within eight weeks after injury to the 
nerve 

McArdle stated that he has seen arthritic changes when a nerve 
trunk has been pierced, rubbed or lacerated These changes have never 
been seen when a peripheral nerve has been seveied unless the nerve 
ends became bulbous oi were caught in healing tissue 

15 Bowlby, A A Some Trophic Lesions Following Injuries of Nenes, 
IIIus Med News 4 25, 1889 

16 Hirsch, Karl Ueber einem Fall von Medianusverletzung mit seltenen 
trophischen Storungen, Deutsche med Wchnschr 32 799 and 837, 1906 

17 Goldscheider Ueber neurotische Knochenatrophie und die frageder tro- 
phischen Funktionen des Nervensj stems, Ztschr f khn ]\Ied 60 1, 1906 

18 Fleishhauer, Kurt Ueber Nen'emerletzungen, Berl klin Wchnschr 52 
213 (March) 1915 

19 Maliwa, Edmund Trophische Storungen nach Verletzung peripherer 
Nerven mit besonderer Berucksichtigung der Knochenatrophie, Med Khn 26 and 
27 704 and 733, 1917 

20 Lehmann, Walter Beitrage zur Kenntnis der sekretonschen und laso- 
motonschtrophischen Storungen nach Nenenschussen, i\Ied Khn 23 629 (June) 
1917 

21 Campbell, Harn The Trophic Lesions, 0\ford Aledicine, New York, 
Oxford University Press, 1921, vol 6, p 821 

22 Nonne, M discussion of Sudcck Neurol Centralbl 21 376, 1902 

23 Kohler Fortschr a d Geb d Rontgenstrhle 12 41 1905 

24 McArdle, J B Joint Troubles Arising from Nene Diseases, Practitioner 
45 174, 1915 
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Duncan reported a case ot neuropathic arthropath} of the rist 
tollo^Mng a peripheral ner^e injurj Four a ears prior to examination 
a log had fallen on the right shoulder of tlie patient In the intenm 
there had been persistent pain in the right arm A\hich the patient had 
thought to be rheumatism Duncan beheAed that the original injurA 
to the shoulder had torn some of tlie Ioaa er cerA ical and upper tlioracic 
nerAe roots The motor roots apparentl} AAere unaffected, for the 
patient had no impairment m the use of the ann 

Philips and Rosenheck-“ reported tAAO cases ot neuropatluc artlirop- 
ath} of the shoulder due to peripheral ners e lesions The first patient 
carried heaA'3' blocks of ice on his shoulder, this prolonged muscular 
strain AAas thought to be the causatne factor The second patient, 
AAho carried timbers in his laboring AAork, A\as injured b} one of these 
falling on his shoulder, and he AAas unable to return to AAork for ten 
months The roentgenograms m both of these cases sIioaa ed the changes 
t3pical of Charcot joints 

Henderson stated that arthropathies of this character are not found 
in peripheral neuritis, except in those forms closeh’ related to tabes 
Campbell has AAntten that the neuropathic joints are rare in peripheral 
neuritis Teissier-^ described a case of neuropathic arthropatliA aaIucIi 
he behcA^ed AA'as undoubtedh of the same nature as a Charcot joint 
occurring in lead poisoning A sclerosis of the cord AAas present but 
peripheral neuritis, aaIucIi doubtless existed, AAas not mentioned 

Potter AA rote that changes m the bones are frequent aa ith leprosA 
and referred to a case of Harbitz, in aaIucIi the phalanges AAere largeh* 
destro3 ed Campbell said that changes in the bone maA occur in 
leprosj Henderson stated that these conditions are not found in 
lepros3 AAhen there is a degeneration of the peripheral nerAes Turne3 ^ 
said that the aa eight of eAidence is in faAor of Charcots arthropatlues 
occurring in leprosA, and that this is the onh disease ot the peripheral 
nenes m aaIucIi it is found He further added that the explanation ot 
this lies in the extreme chronicitA of the disease associated aa ith analgesia 

25 Duncan, J H Neuropathic A.rthntis, J A !M \ 79 19S7 (Dec 9) 
1922 

26 Philips, H B and Ro'cnheck C Neuro- Arthropathies A Consideration 
of the EtiologA and General Characteristics A\ith Especial Reierence to that Eorm 
Caused bA Peripheral Xerae Disease or Injun T A AI A 82 27 (Jan 5) 1924 
Xeuro- Arthropathies ot Peripheral Xerte Injun Origin Two Ca^C' ibid 86 
169 (Jan 16) 1926 

27 Hender'on V E Toint Vffections m Tabes Dorsans T Pafn 6L Bact 
10 211 1C04-1905 

2S Teissier AT I Eton med 54 1^3 1SS7 

29 Potter, H E X-Ra\ Findings m Neuropath c Toint= T Xe-t S. Meat 
Dis 45 449 1017 
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of the deep tissues, which is combined with unimpaired muscular power, 
precisely as in tabes oi s3Uingomyeha 

J K Mitchell, Ji at the close of the Civil War, called attention to 
the influence of the nervous system on joint lesions, and leported sev- 
eral cases in vhich neuropathic arthropathies developed aftei injuries 
to the spinal cord as a result of gunshot wounds of the spine Riedel’s 
case is the one most fiequentl}'’ cited to exemplify these joint lesions 
after injurj;- to the spinal cord The patient suffeied a stab wound 
between the fiist and second lumbai vertebrae This was followed by 
a paraljsis and loss of sensation m one of the legs Soon after the 
return of power to some degree, the patient tried to go about and devel- 
oped an arthropathy of the knee joint He was able to w'^alk on the leg 
eight days after the injury Charcot®^ mentioned the development of 
these lesions in injuries of the spine, as did Chipault Albee * described 
these joint lesions occurring after ciushmg injuries to the coid 
Stemdler said that in rare instances these joints follow injuries of 
the spinal cord 

Hildebrand reported the case of a patient with a congenital mal- 
formation of the spine, namely, a spina bifida occulta, who developed 
arthropathic changes Stemdler stated that in rare instances these 
arthropathies may be associated with malformations of the spine, but 
failed to state whether or not these are congenital 

Chipault ^ mentioned tumors of the cord and meninges as a possible 
cause of neuropathic arthropathies Albee * included tumors of the 
cord in his classification of these conditions 

J K Mitchell w^as the first to describe the development of these 
joint lesions following tuberculosis of the spine He reported four 
cases in wdiich arthropathies developed below the point at which the 
spine was affected This was the first conception of trophic centers 
controlling the nutrition of bones and joints and antedates by thirty- 

30 Mitchell, J K, Jr Remote Consequences of Injuries of Nerves, and 
Their Treatment An Examination of the Present Condition of Wounds Received 
1863-1865, with Additional Illustrative Cases, Philadelphia, Lea Brothers & Com- 
pany, 1895 

31 Riedel, B Nervemerletzung der linken unteren Extremitat, rapide des- 
truction des hnken Kniegelenkes durch Gehversuche, Berl khn Wchnschr 20 
252, 1883 

32 Charcot, J M Legons sur les maladies des sjstemes neneux, 1883, p 

111 

33 Stemdler, A Charcot Joints, Journal-Lancet 47 493 (Nov ) 1927 

34 Hildebrand, O Ueber neuropathische Gelenkerkrankungen, Arch f khn 
Chir 115 443 (March) 1921 

35 IMitchell, J K On a A^ew Practice in Acute and Chronic Rheumatism, 
Am J M Sc 8 55, 1831 



SH.-1\DS—XLLR0P -ITHIES OF BORES A.\D JOINTS 619 


se\ en } ears Charcot s description ot these joints in tabes Gull (1858) 
reported a case ot an arthropatln of the right knee follow mg tuber- 
culosis of the cerMcal spine This has been mentioned as one of the 
causes of these joints b} Charcot^- Turne\ ^ Goodhart,® Chipault - and 
Albee 

^lagnier described these joints in acute m\ elitis This cause has 
also been mentioned b} Goodhart ® and Albee * 

Turnej ^ said that these joints are found comparative!} rarel} m 
anterior poliom} ehtis He further added that the atjpical cases ot 
anterior pohom^ ehtis which present all gradations up to transverse mje- 
htis, are the ones most likeh to show these bon}' changes Nonne 
recorded a case ot marked atropln of the bones of the foot and tibia 
lour weeks after the onset of the disease, in a bo} aged 10 The 
anterior tibial and peroneal nen es w ere the ones most affected Good- 
hart and Albee ha\e gnen this condition as one of the causes of neuro- 
pathic lesions ot the joints and bones 

Turne} ^ and Goodhart® described these joints in progressiie 
muscular atroph} and am} otrophic lateral sclerosis Osier considered 
the latter disease to be the spastic t}pe of progressive (central) 
muscular atroph} Nonne “ recorded two cases of osseous atrophy in 
chronic polioni} elitis, which condition is generall} accepted to be the 
Aran-Duchenne t}pe of progressne (central) muscular atroph} 

Dementia parah tica has been mentioned b} Barker as a causatir e 
factor m these bone and joint lesions 

Hemiplegia following cerebral hemorrhage was first mentioned as a 
cause for arthritis b} Scott Alison Dejerine and Theohari described 
a hemiplegic patient w ho deA eloped a neuropath\ of the bones Camp- 
bell said that the shoulder joint is the most often affected m these 
hemiplegic patients who show changes m the bones and joints Albee 
included this in his classification 

Turne} ® and Albee * grouped the neurotrophic lesions ot bones and 
joints into (1) osteopathies, (2) arthropathies and (3) osteo-arthrop- 
athies 

The osteopathies include the spontaneous, painless fractures The 
changes are increase in the size of the medullar} canal decrease in the 

36 Gull, Sir A Gm s Hosp Rep 4 206 185S 

37 Magnicr quoted irom Tumei IS59 

3S Osier Sir William The Principles and Practice of Medicine ed S Xeu 
\ork D A-ppleton and Compan\ 1919 

39 Barker L P Joint Affections in Xenons Diseases, J A AI A 48 3S4 
(Peb 2) 1907 

40 Alison, Scott quoted irom Turne\ Lancet 1S47 

41 Dejerine and Tlieoliari Sur 1 atropine des os du cote parah 'e dans 1 hemi- 
plegic dc 1 adiiltc Compt rend Soc dt biol 5 203 IS^S 
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thickness of the compact bone and diminution of the lime salts Occa- 
sionally union of the fractuie takes place under the shelter of an 
enormous amount of callus, and then gives way without apparent cause, 
except the absoiption of the new material 

The arthropathies appear most often in the joints ^^h^ch have been 
previously damaged, m which a slight injuu \\ill precipitate an attack 
The changes may be atrophic or hypertiophic In the ball and socket 
joints, such as the hip and the shoulder, the atrophic factor predominates, 
whereas in the hinge joints such as the knee and the elbow, the hyper- 
trophic factor predominates In tabes, joint symptoms occui in from 
3 to 4 per cent of the patients, while m syimgomyeha they are present 
111 from 10 to 40 per cent of the cases Of the tabetic ai thropathies, 
the lower extremities are aftected m 75 per cent of the patients, while 
m those due to syringomyelia, the upper extremities are affected in 80 
per cent of the cases Albee ■* has stated that m the hypertrophic type 
the articular cartilage disappears leaving bare the porous, cancellous 
bone with a few peripheral bony outgrowths in some cases The liga- 
ments and capsule are lelaxed and distended with cleai fluid The sjno- 
Mal membrane is either thickened oi partially destioyed together with 
the internal lateral ligaments 

The osteo-ai thropathies most often involve the spine and the feet 
In the spine the most usual lesions are kyphosis, scoliosis and spon- 
taneous fractures In tabes the lumbar spine is most often aftected, 
while in syringomyelia it is the cervicodorsal spine , the feet may be flat, 
deviated outward or inward, or the arches may be raised 

Potter has given an excellent description of the changes shown in 
the roentgenograms of these joints The bone margin is irregular, 
spongy and fringed Irregular islands of detached bone aie found in the 
interspaces The osteophytes he as inegular plaques of bone in the 
tissues These are partly formed from pieces of fiagmented bone and 
partly from the cortex of the contiguous joint stiuctures There is an 
increase in the lime content of the bone near the joint 

Turney ^ stated that the disease of the ankle joint tends to assume 
the hypertrophic rather than the atrophic foim The tibia and fibula 
including the malleoli become quickly oveilaid vith peiiosteal deposits 
This IS the osteoplastic peiiostitis described by Targett,'** and the 
pai osteal bone mentioned by Potts Taigett^- stated that the cavity 
of the normal articulation of the ankle joint commonly extends at the 
expense of its smaller neighbois until most of the taisal joints inaj’’ be 

42 Targett, J H On the Tabetic or Trophic Toot, Tr Path Soc London 
48 288, 1897 

43 Potts, J Pathology of Charcot Joints, Ann Surg 86 396 (Oct ) 
1927 
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included ithin it Chipault described a cai it} in the middle of the 
ankle joint resulting from a disintegration of tlie astragalus and tlie 
os calas Barker said that the h\ pertrophic changes are more common 
m the ankle and that there is usualh an enlargement of the tibia and 
fibula Henderson also mentioned the fact tliat the changes m the ankle 
are almost alwajs associated iMth general enlargement of the lo^\er 
ends of the tibia and fibula He added that a fracture of the os 
calcis or astragalus often occurred associated with a high degree of 
disorganization of the joint A marked osteopln-tic production hoiv- 
e\ er, w as not common Rotter reported a case m w Inch w ithin three 
weeks of the onset of the swelling in the ankle, the joint was so dis- 
organized from persistent use that the e>^temal malleolus touched the 
ground Turnej ^ behe\ ed that the h} perplastic element m these nen ous 
arthropathies maj'- be regarded of primarih local origin and that it is 
a reaction to chronic trauma It finds its analogue m the a arious forms 
of chrome artliritis, expressing a reaction to the irntatiAe processes 
initiated within the joint 

Turney ^ thought that the seat of tlie disease m trophic conditions of 
joints was m the bone, and that an) change m the cartilage lAas sub- 
sidiar)' The mere presence of the atroph) of the bone is not charac- 
teristic, for roentgenograms haie prored tliat it occurs in eieiy- case 
of prolonged or seiere articular inflammation The early appearance 
and the degree of this atroph) aie the important lactors m the neuro- 
pathic joints The true explanation of this initial trophic change m the 
bone is not sensor) parahsis but sensor) irritation There is ample 
reason clinically m regarding the osseous change underljmg the group 
of nen ous arthropathies as connected A\ith the irritation of nenes or 
nen ous centers The nature of this atroph) was shown b) Raimond 
and Onanoff to be a reaction in the nature of a reflex The) set up 
suppuratne inflammation m two corresponding joints of a rabbit haring 
prenousl) dirided the posterior roots on one side onh jMuscular 
atrophy appeared as usual on the intact side but remained absent on 
the side on rr Inch the posterior roots had been dn ided The experiment 
w as repeated b) Hofta w ith the same result Roentgenograms liar e 
shown that a reflex atroph) of bone in these circumstances is induced 
at the same time and in the same war as the reflex atropln of muscle 
It consists of a rarefaction of both the cancellous and the compact bon\ 
tissues, and extends far berond the actual ricinitr of the loint There 
IS special significance in the fact that this change in the bones is also 
found apart from am loint lesion in cases of iniiin to peripheral 

4-f Rotter To^ef Rie -\rthropitliicn bti Tab den Aren , kbr Ch - 36 I 
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nerves, which aie of partial natuie and associated with peisistent iirita- 
tion It is fairly certain that a division of the nerve pei se does not 
produce changes in bone, except so fai as it causes paralysis The 
effective cause is the paitial division of the neive, lesulting in prolonged 
initation 

Tinel and Tuiney^ agieed that all tiophic and vasomotoi disturb- 
ances are more frequent and seveie m neuiitic iiritations than in simple 
division of nerves Goodhart ^ believed that the vascular changes pro- 
duced by an irritative nerve lesion are the real cause of the so-called 
“trophic disturbances,” and that prompt relief from the irritation 
becomes an imperative measure to prevent complications Campbell 
stated that an incomplete nerve section is most likely to produce these 
changes in the bone, and that experiments have shown a rarefaction 
of bone after section of the nerves He considered that the rarefaction 
occurring secondarily to ner\e mjuiies is partly trophic in origin, the 
result of the disturbed vasomotoi activity 

Henderson said that observations on the ner\ es point to lesions 
of the terminal sensory nerves only Pitres and others, who worked 
particularly with the nerves to the joints, have shown a degeneration 
of the nerve fibers , howevei , there also have been demonstrated some 
regeneration and an increase in the nuclei m the bundles 

Eloesser’s experiments on cats show^ed that an arthropathy of this 
t}pe could be produced in a tiaumatized joint which had been desen- 
sitized He severed the posterior sensoiy roots of the cord which 
supplied the extremities Tabetic fractures and arthropathies were 
produced m healthy animals In the joints of three animals, whose 
limbs had previously been rendered anesthetic by a section of the 
posterior roots, following operative trauma there rapidly developed 
Charcot lesions These observations are m accord with the statement 
of Philips and Rosenheck that any joint deprived of its sensory 
mechanism and subject to trauma may become a typical Charcot joint 

Turney ^ found that experimental sections of nerves m animals have 
given the most contradictory results Even when changes in the bones 
have been found, the conditions have been complicated so much by 
open sores or by paralysis, or by both, that no conclusions can safely 
be drawn Eloessei '‘® noted m his animals that many of the joints 
were infected, especially the ankle, he considered that these resulted 
from tabetic ulcers developing on the feet 

47 Tinel, quoted from Goodhart (footnote 3) 

48 Pitres, A, and Carrierre, G Arch klin de Bordeaux 5 483, 1896, Rci 
neurol 4 748, 1896 

49 Eloesser, L On the Xature of Neuropathic Affections of Joints, Ann 
Surg 66 201 (A.ug) 1917 

50 Philips and Rosenheck f footnote 26, first reference) 
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The foIlo\Mng case report ot a neuropathic arthropath} of the ankle 
joint IS presented because of the unusual opportunit} to correlate the 
clinical, roentgenologic and pathologic obsenations and because the 
eiidence appears to be conclusne that the condition is due to a lesion 
of a peripheral ner^e trunk 

{ 

REPORT OF C \SE 

History — J R H, a white man, married, aged 29, was first seen on March 
24, 1928 complaining of weakness and deformiti of the left foot and ankle He 
stated that on April 2, 1926, two \ears prior to this time, while working as a 
brakeman between two freight cars, his left foot became caught between the 
guard rail and the railroad track Before he could free his foot, the tram mo\ed 
about 2 feet The flange of one car wheel crushed the lower part of the left leg, 
causing three long, gaping lacerations, from the ankle to the knee No bones w ere 
broken Following the accident there was a se\ere infection of the soft tissues 
of the leg which required drainage tubes for four weeks It took se\en months 
for the wounds to heal completeh At this time, the patient first bore weight on 
the foot with the aid of crutches Shorth afterward he returned to his work 
as a brakeman, with the foot tighth bandaged He was able to work intermit- 
tentlj for onh a month The foot and leg were markedh swollen Walking was 
accompanied with a great deal of pain and an increase m the swelling The pain, 
which was most severe on sitting down after walking, was throbbing and would 
occasionalh radiate from the ankle to the knee The ankle seemed unusualh 
weak Nine months after the injurj, he began to notice a grating in the ankle 
with a tendency for the foot to turn outward This had steadih become worse 
One vear after the accident, he had the feeling on walking that the foot had come 
out of the socket Occasionallj there was the sensation of the evtremitv going 
to sleep There was slight pain in the hip and knee at times The pain, touch 
and temperature sensations were normal except for a slight inabihtj at times to 
feel cold as well as in the right foot 

The general health of the patient was excellent He had tvphoid fever at the 
age of 12 and influenza at IS There had been no operations or previous acci- 
dents There had been occasional attacks of tonsillitis but no attacks had occurred 
during the last two vears One tooth was extracted because of an abscess five 
vears previous to examination There had been inirequent colds with no cough or 
hemopt 3 Sis The appetite had been good, and the bowels moved regularlv There 
had been occasional bilious spells He said that he had not had v enereal disease 
or am svmptoms of it He had been generallv nervous since the accident He 
had alvvavs done active work His wife was living and well and had had no 
miscarriages Two daughters and one son were living and well His mother died 
of pneumonia His father was living and well, as were three brothers and two 
sisters There was no historv of tuberculosis, cancer insamtv heart or kidnev 
disease m the familv 

Eiamination — PInsical examination showed an extrcmelv well nourished and 
developed man who was suftenng no pain at this tune He weighed 165 pounds 
(74 S Kg ), and was 5 feet 9 inches in height He was intelligent and cooperative 
The skin and mucous membranes were normal There was no general elandular 
enlargement The shape ot the head and the hair and scalp were normal The 
hearing was excellent and the ears presented no tophi or discharge The pupil- 
were equal and regular and reacted to light and in areommodation The sclerae 
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and conjunctnae ^^ere normal The ophthalmoscopic examination gave negative 
results The nose showed a normal septum with no discharge There was no 
tenderness o\er the sinuses The teeth w'ere m excellent condition, showing only 
a few fillings There was no pjorrhea and the gums w'ere normal There were 
small, atrophic tonsils with no injection of the pharjnx The thyroid was not 
enlarged The chest w as w'ell developed and sj^mmetrical, with normal respiratory 
excursions The apex beat of the heart was in the fifth interspace well within 
the nipple line The rate and rhythm w’ere normal, and there w'ere no murmurs 
The radial pulse w^as of good quality and sjmchronous wuth the heart beat The 
blood pressure was 110 systolic and 60 diastolic The lungs were normal on 
auscultation and percussion The abdomen showed no tenderness, muscle spasm 
or masses The h\er and spleen were not enlarged The external inguinal rings 
were normal There was no evidence of scars on the external genitalia The 
testes and epididymes were normal The knee reflex w^as slightly exaggerated 
on the right and normal on the left The Babinski, Oppenheim and Gordon 



Fig 1 — Photograph of the lower legs showing the tremendous amount of 
swelling and edema on the left Notice the pigmented scar {A) marking the site 
of one of the original draining sinus tracts, and also the prominence of the lower 
end of the tibia (F) W’lth the eversion deformity of the foot 

reflexes were normal, and there W'as no ankle clonus The deep reflexes of the 
upper extremities were normal The reflex of the jaw w’as normal The cre- 
masterics were absent The abdominal reflexes were weak There was no curva- 
ture of the spine and the motion was entirely normal The upper extremities and 
the right lower extremitj were entirely normal 

The main point of interest lay m the left low’er extremity There was marked 
enlargement of the foot, ankle and calf (fig 1) There was an eversion deformity 
of the foot of about 45 degrees The soft tissues about the ankle had a distinct 
doughv feel The ankle joint showed a marked increase in fluid, however, there 
was no tenderness, no increase in local heat and no pain on manipulation Active 
and passive motion of the ankle brought out a coarse grating All movements 
could be activelj carried out Passive eversion from the resting position was 
about 20 degrees, while passive inversion was markedly increased, being about 
60 degrees Dorsiflexion and plantar flexion were normal The foot was held in 
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about 20 degrees equmus The lower end oi the tibia was prominent, while the 
lower end ot the fibula could be palpated onh with difficult^ Mam small loose 
iragments ot bone could be lelt about the malleoli Senson examination showed 
onh a slight impairment ot light touch with no well defined areas ot h^•p- 
esthesia The toes and anterior portion ot the toot showed no abnormalih 
There were three irregularh shaped shghth pigmented scars, marking the sites 
01 the old draining sinuses about the anterior lateral and medial aspects ot the 
lower third ot the leg There was one fine scar extending trora the anterior 
part ot the lower third upward and lateralh around the call of about 25 cm m 



Fig 2 — Roentgenogram taken four months after injurj, show mg a beginning 
absorption about the anterior portion of the tibia and the os trigonum 

length There were a few dilated aeins in the calf The knee joint was not 
enlarged and was entireh normal There was an apparent atrophi ot the thigh 
There were no enlarged hmph nodes m the groin The left ankle was 12 cm 
larger m arcumterence than the right The lett calt was 9 cm larger than the 
right m the lower third and 3 cm larger in the middle and upper thirds The 
left knee was 1 cm larger than the right while the middle of tlie left thigh was 
4 cm smaller than the right The patient walked with a marked limp on the lett 
with the etersion deiormiti ot the loot becoming much more marked The 
weight which normalh should be borne on the os calcis was taken b\ the end ot 
the tibia 
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The laboratorj examination of the urine showed a clear amher color, an acid 
reaction, a specific gravity of 1 030, no allnimin or sugar and inicroscopicallv 
an occasional epithelial cell and leiiLocjtc The examination of the hlood showed 
79 per cent hemoglobin, 4,270,000 red cells, and 5,900 white cells per cubic milli- 
meter, of which 55 per cent were polymorphonuclears, 38 per cent large lympho- 
cytes, 3 per cent mononuclears, 2 per cent eosinophils and 2 per cent endothelial 
cells The Wassermann reaction of the blood and the Kahn tests w'ere negative 
The spinal fluid was of a clear color, came out under normal pressure, had 2 cells 
per cubic millimeter and gave a negative reaction to globulin and Wassermann tests 



Fig 3 — Roentgenogram taken nineteen months after injury, showing an almost 
complete absorption of the bod> and neck of the astragalus, with a disintegration 
of the upper surface of the os calcis and tlic lower margins of the tibia and 
fibula, and numerous loose fragments of bone about the joint 

The joint fluid from the left ankle had a slightly reddish tinged cloiidv appearance 
and contained 32,200 cells per cubic milhineter, of which 51 per cent were polj- 
inorphonuclc irs, 41 per cent hmphoertes, 2 per cent basophils and 6 i>er cent 
mesothehal cells Both the Wassermann and the Kahn tests on this fluid were 
negatne Two separate cultures of this fluid showed the presence of Staphylo- 
coccus albus, which took three da\s to appear on the culture mediums on the first 
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occasion and lour dais on the second occasion In aspirating the joint with a 
large sized needle there w as the complete absence ot pain as soon os the skin had 
been penetrated 

The roentgen examination oi the leit ankle, taken in August, 1926, tour months 
alter the irjun (fig 21 showed the calcification through the neck and anterior 
portion ot the astragalus not to be as uniform as normal There was a definite 
area oi absorption in the Oa trigonum There was an irregulariti and beginning 
separation ot the lower anterior tibial margin There was a slight amount oi 
atropln through all the bones of the lower part ot the leg and ankle The outline 



Fig 4 — Roentgenogram taken twenn -three months after the injur\, showing 
a more marked absorption and disintegration than in figure 3 with main more 
loose irregularh shaped bone fragments There is also a proliferation or bone 
along the cortex ot the fibula and a separation ot the astragaloscaphoid joint 

ot the soft tissues showed a large amount ot swelling The roentgenogram ot 
the lelt ankle, taken m Aoa ember 1927, nineteen months alter the mjurj (fig 3), 
showed a marked disintegration of the tibio-astragalar and astragalocalcanean 
loints There had been a complete absorption ot the bod\ and neck of the 
astragalus There had also been an absorption ot the upper portion of the os 
calcis and the lower margins ot the tibia and fibula There v as an osteosclerosis 
ot the margins ot the tibia and fibula and the upper portion ot the os calcis 
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There were manj’- large and small, irregularly shaped masses of bone m the soft 
tissues surrounding the disintegrated areas There was bone proliferation along 
the cortex of the tibia and fibula, extending for a distance of several inches up 
the shafts of these bones There was also an irregularity about the posterior 
margin of the scaphoid and the anterior margin of the remaining portion of the 
head of the astragalus The outline of the soft tissues showed a more pronounced 
swelling than on the previous examination The roentgenogram of the left ankle, 
taken in March, 1928, twenty-three months after injury (figs 4 and 5), showed 
the disintegration and changes in the joints previously noted to be more advanced 



Fig 5 — Roentgenogram taken tvv entv -three months after the injurv, showing 
the marked lateral dislocation of the ankle and foot 


There were manv more unattached bone fragments about the joint The disin- 
tegration of the astragalus and upper portion of the os calcis was greater There 
was a separation of the astragaloscaphoid joint The bone proliferation along 
the cortex of the fibula was more noticeable In the anteroposterior view, there 
was a marked lateral dislocation of the foot and ankle Roentgenograms of tlic 
lumbar spine, pelvis and hips, taken in IMarch, 1928, showed the bones to be 
entirelj normal There was no suggestion of a spina bifida or other abnorma itv 
Operation — Operation was performed on Itlarch 25, 1928 With the patient 
under a general anesthetic, the left foot and ankle were amputated in the ini 
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third of the lo%\cr part ot the leg The mitscle tissues t\ere round to be extremeh 
boggr and edematous There were two sinus tracts in the calf muscles one 
extended do^^n to a point ju^t abo\e the medial side of the ankle and there 
terminated in scar tissue, the other extended up into the muscles of the calf 
to a point about 4 inches below the inner aspect ot the knee joint These sinus 
tracts did not communicate with each other Thei were both filled with the same 
shghth reddish, cloud\ fluid which had preMousK been aspirated from the ankle 
The posterior tibial ner\e was demonstrated on the medial aspect of the call 
and traced down to a point about 2 inches aboie the ankle joint, where it 
terminated m scar tissue This was adjacent to the termination of the lower 
sinus tract A portion of this nene trunk and a portion of the wall of one 
of the sinus tracts were remoied for pathologic section The edematous muscle 



Fig 6 — Photomicrograph of the posterior tibial nene showing an enormous 
increase in connectue tissue between the nene bundles and a generalized edema 

tissue was pulled down o\er the ends of the bones and sutured The subcutaneous 
tissue and skin were closed without tension One small protectue drain was 
inserted 

After considerable drainage the incision healed in about ten weeks There 
was no tendencj for the incision to gape Six months after the amputation the 
stump had shrunk to about one-half its preiious size and the patient was walking 
with an artificial limb 

Pathologic Rcpoit — The pathologic report ot the tissue remoied at the time 
of operation was as follows The cross-sections of the nenes showed an enor- 
mous increase in the connective tissue between the nerve bundles with a general 
edema in both the nerve bundles and the connective tissue (fig 6) The cross- 
sections of the sinus wall showed muscle structure in which there had been a 
marked replacement fibrosis and mvxomatous degeneration 

The pathologic report concerning the specimen was a' lollows (fig 7^ hen 
the specimen was opened there was ^een a cavitv between the lower end oi the 







Fig 7 — Photogriph of the specimen, which has been opened A indicates the 
cavitj between the longer ends of the tibia and fibula and the bones of the tarsus, 
B, lower end of the tibia , C, head of the astragalus, which is the only rennining 
portion of this bone , D, scaphoid , E, first cuncifoi in, and F, point at which the 
posterior tibial nerve was found to terminate in scar tissue 
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tibia and fibula and the bones of the tarsus, irregular in shape, roughh 8 cm in 
diameter, containing a cloudi, blood-tinged fluid Extending up the leg appar- 
entlj originating in or near this caiiU, were two sinus tracts, which were rather 
hemorrhagic on gross examination There were loose particles of cartilage-and 
bone forming part of the wall of the caiiti The lining membrane was rough 
with iillus-like projections o\er the larious parts of the surface somewhat irregu- 
larh placed The microscopic examination showed these mHus projections to be 
in part cartilage and m part dense fibrous tissue, the nuclei being separated for 
considerable distances b\ strands of collagenous fibers (fig S) The lascular 
fragmentations were extremeh abundant (fig 9), forming granulation-like tissue 
simulating angioma, while on the actual surface there were masses of fibrin, m 
which were meshed some hemoUzed blood corpuscles and a few leukocr-tes, the 



Fig 9 — Photomicrograph (high power) showing the extremel\ lascular char- 
acter (B) of the granulation tissue in the mIIus projection extending out into the 
caMtj (_A) 

poh morphonuclear ^a^Iet^ predominating Sections through the bone showed a 
chronic inflammatorv process characterized b' replacement ot the marrow bi 
fibrinous connectne tissue, there being practicalh no remaining marrow cells in 
the pieces of bone examined, which included a section irom the end ot the tibia 
and smaller masses of bone found about the cat its wall (hg 10) Sections irom 
the sinus in the leg showed dense fibrous tissue replacing muscle surrounding the 
sinus tract which was lined bt hemorrhagic granulation ti"ue (fig 11) The 
cells of the capillaries appeared excecdingh actne suggesting an angiomatou- 
formation Grossh nertcs had been caught in scar ti-'Ue about ihe e smu e 
and could not be lollowed through In the micro-copic section- the nerve could 
not be followed cxeept lor a sjiort di-tance lading s\\av into iibrou- tissue withou 
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the foiin.itioii of a definite nenioina Travel sing the fibrous tissue were occa- 
sional fibers, wincli prtsuniably repicscntccl remnants of nerves (fig 12) The 
inflammatory reaction was of a relatively low grade, except for the presence of 
hemorrhage along the sinus and the librinous exudate on the lining of the cavity 


COMMHNT 

The majoiity of the neuropathic ai Ihropathies obseived are those 
joint conditions found in teitiaiy syphilis spoken of as Charcot joints 
This IS geneially desenhed as a rapid, painless disoiganization of the 
joint stiuctures, due to disease of the sensoiy nerve tracts supplying 
this pait Any joint of this type with a suspected etiology of different 
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the ner^ e at this point had been \\ holh or partial!} se\ ered at the time 
ot the injurv, oi ivhether, tollomng the intection ot the soft parts of 
the leg the nerie trunk also became mtected and later was obliterated 
b} scar tissue In new of the present conception of the development 
ot these neuropathic arthropathies it is most likeh that there w as either 
a partial duision or an mtecuon ot the nerve which resulted in an 
irritatne nerie lesion The sections ot the portion of this posterior 



Fig 11 — Photomicrograph (high power) showing the wall (F) of a sinus 
tract (.d) with fibrin along margin \ marked fibrosis (C) can be seen sur- 
rounding the remaining muscle tissue (f?) 


tibial neri e remo\ ed at the time ot the operation show a marked increase 
in connectu e tissue betw een the nert e bundles and a generalized edema 
(fig 6) The posterior tibial nerve supplies the main articular branches 
to the ankle as well as to the astrigalocalcanean and the astragalo scaph- 
oid joints W ith a prolonged irntation of this nerve trunk subsequent 
changes m the joints supplied would be expected It is rather interesting 
to note the circumscribed area adjacent to one ot the sinus tracts, distal 
to the point at which the posterior tibial nerve ended m scar tissue. 
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complete absence of pam ^^hen the jomt structures -were pierced -with 
an aspirating needle The latter is spoken of as Eloesser’s sign, but 
A\as first described b} Oehlecker®- (1914) 

The changes seen in the roentgenograms form an interesting part 
of the picture Stemdler"® stated that the x-raj pictures demon- 
strate small infractions and fissures to be the first changes in tliese 
joints The first roentgenogram of the ankle taken four months after 
injurj shoi\s these earl}' changes (fig 2) At this time, the onh trauma 
the joint had recened r^as that associated iMth the accident No weight 
had been borne on the ankle since injuri Nine months after tlie 
accident the patient first started to walk, and it was sliorth after this 
that he noticed a grating as if the ankle w ere out of place Tins w eight- 
bearing on a joint that preMOUsh had been almost complete!} desen- 
sitized through an mjur} to its nenous mechanism was the direct cause 
of most of the pathologic changes The experimental work of 
Eloesser tends to confirm this clinical obsen ation The second roent- 
genogram taken nineteen montlis after the injur} shows the changes 
to be far adianced (fig 3) At this time, the patient had been walking 
on the ankle for about one year Four months later, the third roent- 
genogram presents e\en more marked changes, with a great mam 
additional plaques of bone about the joint (fig 4) The anteroposterior 
roentgenogram shows a marked lateral dislocation to be present (fig 5) 
All of the changes m the bone described b} Ridlon and Berkheiser^® 
can be seen m these roentgenograms, namel} , atroph} of tlie bone ends, 
osteoporosis with erosion, osteosclerosis, proliferation of irregular!} 
shaped bone masses and osteoph}'tes The parosteal bone of Potts or 
the osteoplastic periostitis of Targetf*- can be observed to extend well 
up the shaft of the fibula 

The development of the sinus tracts within the calf and the cant} 
found m the ankle joint are unusual features of the condition The 
lower one of these sinus tracts in the calf apparent!} at one time con- 
nected with the cant} in the ankle (fig 7) Targett and Ciiipault^^ 
haie both described this cantv winch forms in the ankle joint with the 
progressn e dev elopment of the arthropatln Rotter reported a case of 
neuropathic arthropath} in w Inch sv nov la or serous fluid w as remov ed 
from the submuscular tissue at some distance from the joint, but did 
not describe an} sinus tract formation The villus-like projections (fig 
8) found m the cavitv and sinus tracts apparentl} were fonned bv the 

51 Elocs'cr L A. Sign Occurring in Tabes Complicated bv Charcot Joints, 
T \ M \ 77 604 (Aug 20) 1^21 

52 Oeblccker, F Em weiterer Beitrag zur Klinik Untallbegutachtuncr und 
Beliandliing tabrclicr Gelenkerkrankungcn Bcitr z klin Chir 92 ^99 1914 

53 Ridlon Tolm and Bcrkhti'cr, E T Xeuropatliic \rtiironatli c- Clia'co s 
Spincc T A M V 79 1467 (Oct 2S) 1^22 
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organization of the fibrin In some of these vilh, caitilage cells weie 
found It IS likely that these became enmeshed in the fibrin aftei 
sequestration from the joint surfaces as small bits of cartilage The 
nutrition in the fluids was sufficient to keep these cartilage cells alive, 
so that they prohfeiated to form the small nodules found in the walls 
of the sinuses and cavity The lowei end of the tibia was found to 
be covered with cartilage-hke tissue, which probably represents an 
attempted lepair of the normal hyaline cartilage The invasion of the 
bone-marrow of the lower end of the tibia with fibrous and granulation 
tissues IS what would be expected Avith these pathologic conditions 
(fig 10) 

The extensive fibrosis and edema found in the muscle tissue taken 
from the calf (fig 11) is in keeping with the gioss changes in this 
part Through this muscle tissue, as well as through the walls of the 
sinus tracts, there was a rathei extensive vasculai proliferation (fig 9) 
The two cultures of Staphylococcus albia from the joint fluid of the 
ankle are indicative of an infection These are not believed to be a 
contamination because of the slow appeal ance time on the mediums 
The extremely high cell count with a predominance of polymorphon- 
Liclears in this fluid also favors the presence of an infection It is 
interesting to note the extremely high percentage of mesothelial cells in 
this fluid, which cells are characteristic m the joint fluid in low grade 
arthiitic infections This infection is undoubtedly lesponsible foi a great 
many of the changes through the muscles and tissue in the calf and 
ankle 

There have been reported instances of neuiopathic joints associated 
with a spina bifida and injuries to the spinal column This possibility 
m the patient is ruled out by negative roentgenograms of the lumbar 
spine and pelvis and a negative histoiy of injury to the lowei part of 
the back 

CONCLUSIONS 

1 A classification of the neuropathic lesions of the bones and joints 
IS presented 

2 A case of neuropathic arthropathy of the ankle is reported 

3 The etiologic factor in this case appears to be a peripheral nerve 
lesion, as the posterior tibial nerve was found to terminate in scar tissue 
above the joint 



GENITx^L PROLAPSE FOLLOWIXG TOTAL 
HYSTERECTO^SIY 

A SUCCESSFUL OPERATIVE PROCEDURE*^ 

R L PAYXE, :MD 

^ORFOtK, \A 

Total remo^al ot the uterus is a definitel} indicated surgical pro- 
cedure for seieral ginecologic conditions Vaginal h}sterectomy is a 
deielopment iihich has lolloued the necessity' of total remoial of the 
uterus This procedure has become ^ erj popular in the ai erage operating 
room, as the technic is easier than that of the abdominal operation and 
the mortaht} rate is much loii er B\ the abdominal route the problem 
of supporting the bladder and laiilt of the lagina is much more readily 
handled than by the laginal route 

In the early nineties, PiAor popularized laginal hjsterectomi 
through tlie use of his clamps Since that period a much better operation 
for the removal ot tlie uterus by the -vaginal route was offered bi 
Dr Charles jMa }0 and has been adopted more or less universall} In 
the Prjor operation there was no provision made against the possibilit) 
of prolapse of the vagina and bladder other than the perineal supports 
In the Majo operation, the broad ligaments are brought together and 
the bladder so fixed that vesical and vaginal prolapse is skilfull} pre- 
vented m the majorit) of these operations 

However, after an} t}pe of vaginal hvsterectomv a marked genital 
prolapse often happens in vv hich the v agina becomes completely ev erted 
and the bladder partiall} or completely protrudes With the cervix and 
its attached supports entirelv wanting m these cases, the problem of 
returning the bladder to the abdomen and fixing it there tlirough anv 
tvpe of vaginal operation, is, practical!} speaking impossible 

In all the literature and textbooks on this question of genital prolapse 
after total removal of the uterus the onlv procedure offered to relieve 
this trouble is colpocleisis Simon, m 1SS5, original!} recommended and 
described colpoclusis tor the cure of intractable vesicovaginal fistula, 
but for the past twentv-five vears or more, colpocleisis has been under- 
taken repeatedh lor the cure of genital prolapse after total removal 
ot the uterus Needless to sav not onh is this operation a poor surgical 
procedure which is rather difficult to accomplish properlv and gives 
1 poor result in manv instances, but it is definitelv dctorming 

Submitted tor pubheatton Nov II 1929 

Presented at the Annual AUetinc: ot the Medical ''ocietv ot \ ircinia Char- 
lottC'-ville Va Oct 2> 1029 



Fig 1 — A diagrammatic sketch showing the funnel-shaped appearance of the 
pelvis when the abdomen is opened and before the bladder and vaginal prolapse 
have been reduced It will be noted that the two broad ligaments, consisting of 
the round and infundibulopelvic ligaments, together with the fibrous structures 
between, are drawn down and attached to the ape\ of the funnel the smaller end 
of which coincides with the upper end of the vagina where the cervi\ was orig- 
inally located 








Fig 3 — ^The same relationship of the pehic structures, iMtli the patient in 
the Trendelenburg position It will be noted that the bladder is rolled upward 
and completeh co\ers the apical attachments of the broad ligaments to the upper 
end of the tagina 



Fis: A — The fir^t step i> ihc introduction oi the Cameron light througli the 
\ul\a to the upper cud oi the tagim Thia ict'- a' a mechanical guide, the elow 
oi the light readiK lacilitatc-. the idcnti icatmn oi structurcc The di'^ection 
proNidcs lor the complete ireemg oi the bladder •’nteriorle the broad 1 g-’ments 
latcralU and the recti m po^tenorh trora die aa^ina In the aee'acc ca e Ic 
aa^ina will tlici ’•epre cut a raw cm e irom 1'. to 2= i iclie> •/-> 03 cm ) 
long 





Fig S — With the pelvic portion of the vagina completel}' freed on all sides, 
the next step consists of the introduction of three purse-string sutures of silk, 
a, b and c Each purse string is tied before the next one is put in, this results 
in an infolding mass of the upper end of the vagina which provides a kind of 
plug for the outlet and at the same time shortens the normal depth of the vagina, 
depending on its individual length The average reduction in length is about half 



Fig 6— After the infolding of the lagina, the broad ligaments arc brought 
obhqueh across the \aginal ball and sutured sniigh to fibrous structures on eac i 
side of the aaginal stump 




Fig S — Tlie fiml step in ^^hIch the bHddcr is broiiglit bickuard over the 
constructed supports and sutured to the posterior pelvic "irei in n muiner tliat 
will cover up all raw suriace' Following the do ure oi the abdanen a srjjj 
hidi perineal repair is alvvavs daic according to tie tecl me prev ou Iv de cr bed 
(Pavnc \ Technic lor the Repa r oi Relaxed or Lacc-ated Ferine ira T A 
M \ 7S "74 [Feb 2'] 1022'> 







642 


ARCHIVES OF SURGERY 


This pioblem of genital piolapse piesented itself to me about fifteen 
)'eais ago Aftei obtaining no help fiom my confieies oi from the 
literatuie, I finally devised the technic given in the accompanying 
illustrations and legends I have done this opeiation only four times, 
the last one two }ears ago and the fiist one moie than ten yeais ago 
In these foui cases, the result has been entiiely satisfactoiy I am 
desciibing it here with the hope that it may be of some help to other 
opeiatois and, thiough a greater tiial of the proceduie, thus to determine 
its value fiom the standpoint of a tempoiary or a peimanent cuie 
This IS not claimed to be a new operation, all the steps or piinciples 
have been utilized foi 3'eais in othei gynecologic pioblems The technic 
merely covers the application of well known pimciples which, as far 
as I can discover, have not been desciibed in the liteiature or applied 
to the handling of this jDarticulai pioblem of piolapse aftei total 
hysterectomy 



CHRONIC IDIOPATHIC DUODENAL ILEUS ASSOCIATED 
WITH HYPERTHYROIDISI^I 

REPORT OF C A.SES, OXE WITH AXATOHIC OBSER^ ATIOXS 

COLDER LEWIS IMcAVHORTER, PhD, Ikl D 
Assistant Clinical Professor of Surger\, Rush Medical College of the 
Lnnersitj of Chicago 

CHICAGO 

Chronic duodenal ileus or obstruction may be dnided into several 
t)pes It may be idiopathic, or it ma^ result from some abnormalit} 
or pathologic condition, including postoperatne complications Idio- 
pathic ileus may be (1) adjnamic or paraljtic, (2) d\namic, due to 
excessne muscle contraction, or (3) mechanical 

Chnicall}, the course ma} be persistent intermittent or remittent 
The location of the obstruction ma} be in an} portion of the 
duodenum In this stud}, ho^^e^er, the nonparal}'tic t}pe of idiopathic 
ileus is chiefly considered, iMth the obstruction at the terminal duodenum 
Numerous theones and predisposing factors haie been adianced for 
this condition, with little supporting eiidence Hoiieier, no reference 
has been noted in the literature to the association ith In perth} roidism 
The anatomic postmortem obsenations in one case add unusual 
interest 

REPORT OF CISES 

C^SE 1 — Hu/oij — J W, a man, aged 39, married, entered the Presbrtenan 
Hospital on March 12, 1926, and a\as discharged on Sept 16, 1926 The chief 
complaints a\ere palpitation of the heart, tachrcardia, nenousness and extreme 
weakness The patient had two children who were Ining and well He was 
emploied m an office and had had considerable business worries during the last 
few rears He smoked a great deal 

The onset of srmptoms began about two weeks preriousK with tachvcaraia, 
which persisted, with attacks of palpitation 

During the first week, he stated that he had an aching and soreness o\er his 
bod\ as though he were haring grip During the second rreek, he rras restless 
at night and had little sleep He had noticed an enlargement ot the neck during 
the last ferr dar s Weakness had been marked at times and had been accom- 
panied br a feeling that he might collapse He had lost some weight during the 
last ten dars His normal r\ eight rccentlr had been about ISO pounds (81 6 Kg) 
There had been a tremor ot the hands noticeable during the last tew dar s The 
appetite had been good 

Manr rears prerious to admis-ion, the patient had two attacks of pneumonia 
Rheumatic pains rrcre present tor a diort time 'creral months bciore admi^-ion 


*■ Submitted lor publication Oct 25 1929 
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to the hospital, after which he had a short vacation, and felt well He had 
influenza twice several years prior to the present illness and occasionally had sore 
throat 

Four years previous to the present admission, he entered this hospital 
during a subacute attack of appendicitis In his historj^, he stated that a few 
months previously he had experienced two attacks of unusually severe distress 
following the eating of pork, which nearly always occasioned some distress This 
was associated with belching of gas, which lasted one night There was no other 
history of stomach or gallbladder trouble An Ewald test meal was given and 
showed a free acid of 35 and a total acid of 70 A seven hour motor meal con- 
tained about 3 ounces of solids which contained free acid At that time, I removed 
a subacutely inflamed appendix and a gallbladder filled with faceted stones The 
surface of the liver was gray and thickened A piece removed at the time showed 
chronic hepatitis microscopicallj' There have been no subsequent symptoms of 
stomach trouble 

Physical Examination — The patient was about 6 feet tall and was thin He 
was extremely nervous Exophthalmos was slight, but other eye symptoms of 
exophthalmic goiter were moderately advanced Ihe tonsils were hypertrophic 
and cryptic Roentgenograms of one tooth showed some evidence of apical 
infection 

There was a diffuse moderate enlargement of the thyroid gland, including the 
isthmus There was a bruit and pulsation over the gland 

The pulse rate was rapid Auricular fibrillation was present at times 

The abdomen was slightly retracted and tense The old operative scar was 
firm 

The extremities were constantly in motion There was a marked coarse tremor 
of the fingers The reflexes were normal 

Results of the examination were otheiwise negative 

The course of the hj'perthyroidism was unusually severe (fig 1) The heart 
was dilated, and auricular fibrillation was frequently present The nervmus symp- 
toms were marked His condition was so serious after four w'eeks of treatment 
with a compound solution of iodine that the superior thyroid arteries were ligated 
at an mtervml of one week Almost immediately he became delirious, and the 
administration of the solution had to be stopped because it aggravated his sy'mp- 
toms The delirium, which was maniacal at times, continued for about two 
months Emaciation became marked, and at times the patient was in a dying 
condition He lost more than 90 pounds (408 Kg ) within a few weeks Attacks 
of acute cardiac decompensation with cyanosis occurred Dextrose was given 
intravenously" a number of times, and a digitalis preparation w'as given regularly 
iMorphine had to be given continuously" in doses of 2 grams (013 Gm ) a day but 
did not control the delirium The large doses had to be kept up for several weeks 
after the delirium 

Vomiting occurred at intervals during the delirium Near the close of it, at 
one time there was a large amount of sugar in the urine with a trace of dncetic 
acid 

Hunger was marked for about ten days following the delirium, when the 
patient was given double portions of food Ihe intake of fluid averaged 4,000 
cc a dav 

During this time, cramps were first complained of with some distention in tic 
upper part of the abdomen, and peristaltic waves were noticed For a period o 
ten days, there were diarrhea and persistent vomiting On July 2, a roentgen 
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ologic examination pro\ed the condition to be a marked duodenal obstruction 
!Medical management mtb small trequent feedings and changes of position, 
including eleiation of the pehis, was instituted \n attempt was made to pass 
a duodenal tube, but the patient refused 

For about a month, there was no \omiting, but the colicki pains and Msible 
duodenal dilatation persisted after the intake of all fluids During this period, 
acute decompensation ot the heart recurred tor a few da^ s w ith edema oi er the 
dependent portions of the bodi and an enlarged liier This condition improted, 
but two dajs after again starting the administration ot compound solution ot 
iodine there were diarrhea and lomiting of 1,200 cc which occurred eien other 
dat for SIX dais The dilated duodenum was iisibU larger, and the peristalsis 
was more marked, passing chiefli from right to left At the end of eight dais, 
the patient had lost 19 pounds (S 6 Kg ) , but his heart and hi perthi roidism 



seemed improied A similar teniporan clinical improiement, especialli of the 
condition ot the heart, was noted preiiousli on a number ot occasions which 
were associated with loss ot weight and dehidratioii 

Vt this time the patient was in a desperate condition irom the duodenal 
obstruction, and a dtiodenojeiunostomi was decided on 

Labot ator\ E\avuiw!wit — The basal metabolism rate was plus 57 at the time 
ot entrance It remained high until alter the duodenojejunostoini, when there 
was a slight fall with a subsequent rise \tter tin roidectomi three weeks later. 
It dropped to normal 

The urine showed a trace oi sugar at the time ot admis-.ion During the 
dehruini there were internntteiith a trace ot albumin and a lew ca^t' \t one 
time, near the end oi delirium lime 6 there was a larce amount ot sucar with 
some diaeetic aeid Dunne the las, month when dilatation oi the diodenum 
was Msible dail\ the urine was i onnal with the excejition oi sii occasin-’al trace 
01 albumin with a lew cast- 

Tlie Ma sermami rnciun m the !>I<<iid was utes; le 
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When the patient was admitted to the hospital, the hemoglobin was 98 per 
cent and the white blood count was 7,400 The blood pressure was 124 systolic 
and 76 diastolic After two months of delirium with a loss of one-half the body 
weight there was a little drop in the hemoglobin and number of red blood cells 
On May 6, a test showed no hemoijsis or agglutination of erythrocytes m various 
dilutions of a physiologic solution of sodium chloride with a 6 per cent dextrose 
solution The blood calcium on June 7, late in the delirium, was 13 55 mg On 
June 7, while the patient was delirious and critically ill, the carbon dioxide volume 
was 51 3 jier cent and the blood sugar was 1066 mg pci hundred cubic centimeters 
On June 28, during the symptoms of marked dilatation of the duodenum, the 
carbon dioxide volume was 56 per cent 

On July 2, during the time of almost complete obstruction of the duodenum, 
as shown by the x-rays, the urea nitrogen was found to be 3668 and the blood 
chlorides 445 mg 

The stools were yellow or brown and wcic usually soft and mushy, but watery 
at times Occult blood was usually absent 

Roentgenologic Examination — On July 2, after ten days of severe obstructive 
symptoms (fig 2), the patient was weak ,md could not stand He did not take 
a full mug of barium sulphate There was considerable fluid m the stomach, 
which was large and dilated Pciistalsis was rather slow during the time of 
observation Definite peristaltic waves were seen closing off the end of the 
antrum By turning the patient a little on one side, the barium passed through 
the pylorus and filled the duodenum, which was distended from three to four 
limes the normal si7e There seemed to be a good cap After several minutes, 
and on turning the patient to the left side, a trace of barium was seen in the 
small bowel beyond the duodenum The patient was so weak that further 
observations could not be made The roentgenograms at this time showed a 
large dilated stomach, a patent dilated pylorus, a fair duodenal cap and extremely 
large dilated second and third portions of the duodenum The point of obstruc- 
tion as determined from the fluoroscopic examination and the roentgenograms 
was apparently near the duodenojejunal flexure, but owing to the lack of filling 
of the terminal duodenum over the vertebra, the actu il point of obstruction could 
not be determined The pylorus was situated over the third lumbar vertebra, and 
the duodenojejunal flexure was somewhat to its left 

Duodenojejunostomy — On Aug 10, 1926, with the patient under ethylene 
anesthesia, a duodenojejunostomj was done The abdomen waas opened to the 
right of the midhne The transverse colon was lifted up, and the duodenojejunal 
flexure appeared to he near the vertebra The jejunum, which w'as of normal size, 
turned and extended downward directly into the pehiS The remainder of the 
small intestine was entirclj m the true pelvis A loop of jejunum was brought up 
to the transverse mfracolic portion of the duodenum, where a lateral anastomosis 
was made Silk w’as used for the outer li\cr and catgut for the inner lavcr of 
sutures No clamps were used Considerable retroperitoneal fat was present m 
spite of the marked emaciation The duodenum was ompt\ and did not appear to 
be greatlj enlarged Several stitches were taken at each end of the union to 
prevent angulation of the jejunum 

Following the duodenojejiinostomv the obstructive svmptoms were permanent!) 
relieved, and food was taken without further distress No more peristaltic waves 
were seen Compound solution of iodine was given \ subtotal thjroidcctomj 
vv IS done tvv ciitv -four divs liter 
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TInroidcctoiin — On Sept 3, 1926 with the patient under eth\lene anesthesia, 
a subtotal resection ot both lobes ot a large tlnroid and isthmus was done The 
paratlnroids were unusualh plainh \isible and were a^olded A crisis was 
passed at the thirtieth hour with a temperature of 1044 F Comalescence was 
then uneientful 

Pathologic Changes of the Thiroid Gland The specimen consisted of two 

large portions which weighed 140 Gm The\ were moderatelv firm and had 



Fig 2 — Roentgenogram ol the markedh dilated duodenum and stomach, in 
the horizontal position, alter ten daas of acute obstructne '\mptoms 


scxeral nodules oi increased coiiMstence There were seieral encapsulated, round 
c^stllkc areas filled with gra\ glistening mucoid material The largest oi these 
was 1 cm m diameter The stroma was gra\ and rather fibrous The micro- 
scopic examination showed Inperplasia and Inpenropln 

Cotirsi — Two months alter operation the patient had gamed SO pound' 
(oo 1 Kg) in weight and there were no complaints \t this time a fiuo'oscop c 


648 


ARCHIVES OF SORCERY 


examination was made and roentgenograms were taken There w^as no evident 
dilatation of either the stomach or the duodenum, w'hich emptied barium readilj 
through the duodenojejunostomy stoma When the patient was lying dowm, some 
of the barium passed out normally through the terminal duodenum, which was 
nearly horizontal (fig 3) The third and fourth portions of the duodenum had 
considerable mobility to the left When the patient w'as standing, the terminal 
duodenum appeared almost lertical with the formation of an acute angle in the 
jejunum, which may have been the result of the duodenojejunal anastomosis 
The terminal duodenum was at the level of the upper edge of the fourth lumbar 
vertebra The pylorus was about the same level, but appeared slightly higher m 
the recumbent position 



Fig 3 — Roentgenogram taken two months after duodenojejunostomy, in the 
horizontal position Complete relief from sj mptoms The normal appearing 
duodenum emptied partlj through the newlj formed stoma and partly through the 
terminal segment with no evidence of obstruction 

A.bout four months after operation, the patient suffered a severe mental shock 
from a business reierse and was acutelj depressed He developed auricular 
fibrillation and tachjcardia for several davs One month later, he started a new 
kind of work, apparenth feeling phvsicalh well Two weeks later, he w'as found 
dead from drowning 

Postmo! tail Rct'ort — The anatomic diagnosis was marked vesicular emphj- 
sema (asphv xiation from drowning), hjperplastic and hjpertrophic paren- 
clivmatous tlivroid, both lobes partiallv removed, persistent Ijmphoid tissue of the 
thvmus, slight chronic fibrous mvocarditis, chronic diffuse nephritis, secondanI> 




McU HORTER— IDIOPATHIC D10DE\AL I EELS 649 

contracted kidnejs, moderate Inperplasia of the spleen, fatte changes ot the 
aortic lining, fibrous adhesions between the anterior abdominal wall and the 
great omentum, lateral anastomosis between the duodenum and tlie jejimum, long 
since absent gallbladder and appendix eermiformis, and right fibrous pleuntis 
The bode measured 185 5 cm m length A loop of jejunum crossed the front 
of the spine honzontalh just behind the transeerse colon The weight (estimated) 
of the Iner was 1,500 Gm , and the edges were sharp The borders of the spleen 
were sharp, it measured 12 bj 15 b\ 8 cm 

The weight (estimated) of the kidne\s was 300 Gm The^ had a free capsule 
and tlie surface was slighth uneven, suggests e of a “granular’ kidne% On 
section, the cortex of the left kidne\ was from 4 to 6 mm, the right, from 6 to 
7 mm The cortical markings w ere fairh w ell defined The medulla w as light 
purple and definiteh opaque The pehic fat was plentiful and the pehic mucosa 
unaltered 

The tlnroid consisted of a zone from 1 5 to 1 S wide on the right side and 

1 6 on the left It w as gra\ ish brow n and the colloid w as clearh i isible Attached 
on the left side lower down, there was an additional encapsulated mass of th\roid 

2 5 cm in diameter, translucent and gelatinous 

The stomach contained 60 cc of waten fluid The piloric ring was 33 cm 
m circumference 

The heart was 16 b\ 12 b\ 8 5 cm and weighed (estimated) 450 Gm The 
right side was com ex The mtocardium was opaque and brownish grav The 
width of the left ventricular wall was 1 5 cm and tliat of the right, from 1 to 

3 mm The mitral orifice was approximateh 13 cm in circumference, the aortic 
9 7, the pulmonart 9 7 and the tricmpid 15 cm The depth of the left tentricle 
was 115 cm The left coronar\ arteri was 1 cm m circumference, the lelt 
descending 0 7 and the right 0 7 cm 

Microscopic Examination Sections of the tlnmiis contained an abundance of 
hmphoid tissue and mam Hassel s corpuscles Onh at the peripherj of the 
section was there slight replacement of the hmphoid tissue b^ fat 

In sections of the tinroid there were helds of connectne tissue with scattered 
acini, near the peripher% or the gland, elsewhere the tissue was practicalh all 
glandular, being made up of small and large acini containing a uniformh stained 
pale and purple material The epithelium was in places cuboidal, elsewhere 
columnar and the latter formed papillae-like infoldings into the lumen of the 
acini In the fields of columnar epithelium there were collections ot round cells 
In tlie m\ocardium there was some connectne tissue increase m the inter- 
muscular spaces -k few of the small capillaries were filled with pohmorpho- 
nuclear leukocytes and red blood cells and some had a pernascular round cell 
infiltration The muscle fibers were extensnch fragmented The Iner had some 
thickening of its capsule by connectne tissue yyliich yyas infiltrated yyith round 
cells There y\as a rather marked infiltration of round cells m the portal epaces 
Changes in the parenchymal cells yycre negligible 

The capsule ot the kidney yyas thickened and in the cortex y\ere many collec- 
tions of round cells and strands ot connectne tissue tray erring the entire cortex 
The epithelium yyas syyolleii and the cytopla-in eranular The glomerular tuu= 
yyere engorged yyith blood and the capsule unchanged 

The cyidencc pointed to the tact that death yyas due to droyynm? To yyhat 
extent natural causes contributed could only be speculated The heart tiuroid 
and kidneys hoyye\er all shoyyed morbid chance- and tho=e in the heart y\cre 
sulncient to cause heart lailure under sudden exertion 
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The anatomic studies of the specimen of duodenum and related structures were 
made (fig 4) by me The duodenum was empty and corresponded to the circular 
type with no definite angles, but the horizontal, descending, transverse and ascend- 
ing portions could be identified The wall was apparently of normal thickness 
The circumference of the duodenum was 4 5 cm m the first portion, while the 
second portion was slightly enlarged and measured 8 cm at the level of the 
ampulla of Vater, and 7 cm proximal to the duodenojejunostomy stoma which 
measured 1 5 cm long by 1 cm wide At one end there was a silk suture but 
no evidence of ulcer 

The root of the mesentery broadened out in a triangular shape to measure 
4 cm broad at its crossing over the duodenum, with the artery and vein lying near 



Fig 4 — Drawing of the duodenum and adjacent viscera, removed at necrops>, 
\iewed posteriorh A slight dilatation of the descending portion and none of the 
remainder of the duodenum could be demonstrated There was a slight definite 
narrowing of the duodenum beneath the blood \essels in the mesentery, but noncat 
the duodenojejunal flexure 

the middle The circumference of the duodenum for about 2 cm beneath tlic root 
of the mesenter} was narrowed down to 48 cm, w'hile proximally it was 65 cm, 
and distalh, 5 2 cm Here, the duodenal mucosa was flattened out and adherent, 
while It was redundant, both proximalK and distallj The narrowed segment 
beneath the mescntcr\ was apparentlj the site of the former obstruction 

The terminal end of the duodenum be\ond the mesentcr> meisurcd 6 cm m 
circumference, with no evidence of kinking The jejunum was larger and mea- 
sured 78 cm in circumference below the stoma 
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The distance from thejj)\Iorus to the ampulla of Vater measured 12 cm , to 
the duodenojejunum anastomosis 20 cm, to the right side ot the root of the 
mesenter\ ot the small intestine 24 cm , to the crossing of the supei lor mesenteric 
arterj 27 cm and to the duodenojejunal juncture 31 cm 

The muscle fibers of the ligament of Treitz passed as a band 1 5 cm -wide 
slighth to the left of the superior mesenter\ arterv and directh do«n\\ard on 
Its left side to insert on the duodenum Thej inserted 5 5 cm along the duodenum, 
extending 1 5 cm to the right ot the superior mesenteric arter\ gentle traction 
on the arter\ I could produce a constriction of the duodenum beneath it Beneath 
the arterj separating it irom the duodenum there \\as onh a 2 mm la 3 er of fat, 
while It was 5 mm thick in the mesenter 3 abo\e It is probable that counter 
pressure posteriorh from the bodies of the \ertebrae or aorta and from a wide 
ligament of Treitz aboie aided obstruction 

The common bile duct was slighth dilated abo\e its outlet The largest 
circumterence measured 2 cm The pancreatic duct joined the common duct 
within the duodenal wall The ampulla was small and could not be easilj probed 
The jejunal flexure was se\eral centimeters distal to the duodenojejunal junc- 
tion, perhaps due to the transverse position of the jejunum from the anastomosis 
There was no evidence of anv obstruction, narrowing or angulation at this 
flexure, even with considerable downward traction on the jejunum 

The microscopic examination of the duodenum showed no pathologic changes 
There was no evident hvpertrophv of the wall proximal to the crossing ot the 
mesenterj as compared to that segment under it and that, distalh. The outer 
muscle lajer remained constant in width while the inner circular muscle laver 
was increased slighth in width, respectiv elv , from above downward 

The duodenum, which had been partialh split open, was carefullj sutured and 
distended with barium 

Roentgenograms showed a fairlj well filled duodenum, except for the first 
portion which was somewhat distorted, due to postmortem shrinking The 
descending portion was the largest There was some narrowing evident at 
the mesenteric root The duodenojejunal flexure was well distended and appeared 
to ofter no opportumtj tor stasis at this time The flexure was seen to be 
definitelv in the jejunum, and be 3 ond the terminal fixed point ot the duodenum 

Two Other cases of h} pertliv roidism showed mild duodenal stasis, 
one associated with high grade stomach retention 

CvsE 2 — Hislon — F A., a man aged 62, complained of weakness, loss 

ot appetite, loss of 47 pounds (21 3 Kg ) in weight and a vague abdominal distress 
with considerable colickv pains and constipation The abdominal distress was 
present the last five weeks and he had eaten and drunk little since then The 
diagnosis was primarv exophthalmic goiter vvitli mild duodenal stasis 

Exammatwn — The roentgenologic examination ot the stomach showed a rather 
persistent stasis with considerable dilatation ot the second portion ot the duo- 
denum The basal metabolic rate was phis 44 The patient was given compound 
solution ot iodine and medical treatment with relict irom abdominal SMtiptoms 
The superior thvroid arteries were ligated and two months later a subtotal 
thvroidectoniv was done Ten davs later, on fluoroscopic examination there was 
observed prompt filling ot the duodenum with a slight delav m the second portio i 
\n occasional rush peristalsis carried the barium into the jejunum alternating 
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with moderate reverse peristalsis Three months later, the patient had gained 35 
pounds (15 9 Kg ) and had no complaints The patient was well on examination 
one year later 

Case 3 — Htsfoi y — A D , a woman, aged 40, had a condition which was diag- 
nosed as gastric and duodenal stasis with adenomas of the thjroid gland and 
mild hyperthyroidism An attack of abdominal pain nuthout vomiting had 
occurred one day previously Recent less severe similar attacks were usually 
associated with constipation A goiter with several palpable adenomas had been 
observed one year previously She had been under medical care ever since There 
was a history of spastic colitis 

Examination — Roentgenologic examination of the colon gave negative results 
except for a moderate spasm m the descending and sigmoid portions The stomach 
filled readil}", with good peristaltic waves which closed off completely to the end 
of the antrum The pylorus was slow in opening, and then the duodenal cap 
filled well There was some stasis m the second portion of the duodenum and 
reverse peristasis Four hours later, three fourths, and twenty-four hours later, 
one half, of the barium was still in the stomach At these times the duodenal cap 
w'as filled, but the remaining portion of the duodenum was emptj 

The basal metabolic rate was plus 13 The patient was treated by medical 
management for the abdominal distress with gradual improvement One month 
later fluoroscopic examination of the stomach show’ed slightly delayed emptying 
with moderate reverse peristalsis in the second portion of the duodenum One- 
half hour later the stomach was half empty and the duodenum was emptying 
normally into the small intestine The abdominal symptoms w'ere apparently 
largely relieied by medical management, and no acute exacerbations were noted 
m the subsequent year 

I have made roentgenologic examinations m several othei cases of 
acute hyperthyroidism in which the patients have persistently vomited 
or have had abdominal pains In these cases there was no evidence of 
duodenal or gastric dilatation or obstruction The entire colon was 
spastic in a few cases 

Only two cases are classified in the literature as chronic duodenal 
ileus in which hyperthyroidism was noted Neither case, hoivevei, may 
be considered one of classic duodenal ileus Wilkie ^ reported a case 
of exophthalmic goiter ivith persistent bilious vomiting for three months 
The roentgenograms shoived calcareous tuberculous glands in the root 
of the mesentery, which it was thought contributed to the obstruction 
The duodenal dilatation had not been great, and the observer thought 
that the duodenojejunostomy which he had done was probably not 
indicated and possibly had aggra\ated the thjTotoxicosis, since the 
patient died of a subsequent thyroidectomy while still in the hospital 

Higgins - reported one case with recent hyperthjToidism showing 
obstructne S 3 mptoms over several }ears There w'as no vomiting, but 
nausea and regurgitation ivith loss of 20 pounds (9 Kg) of weight 

1 Wilkie, D P D Chronic Duodenal Ileus, Am J M Sc 173 643 (Ma\) 
1927, Brit J Surg 9 204, 1921 

2 Higgins, C C Chronic Duodenal Ileus, Arch Surg 13 1 (Juh) 19- ■> 
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during the preceding }ear There was gastroptosis and marked dila- 
tation of the duodenum Following th} roidectomr , the dilatation of the 
duodenum lmpro^ ed w ith the patient under medical treatment Higgins 
reported four cases of duodenal ileus m which the patients had nontoxic 
goiters Two of these were relieved b} a duodenojejunostomi and two 
with medical treatment, but the dilatation was not great In Wilkie’s 
case the ^omltlng mai haie been due to the hi perthi roidism, rather 
than to the obstruction of the duodenum 

GENERAL CHARACTERISTICS 

Etiology — Chronic idiopathic duodenal ileus is more common m 
W'omen The most characteristic point of obstruction usualh occurs 
at the crossing of the superior mesenteric arterj m the root of the 
mesentery" of the small intestine although obstruction mav occur at am 
point on the duodenum The true idiopathic tipe is charactenzed b\ 
the inabilit} to determine am pathologic cause, e\en at postmortem 
examination 

Congenital abnormalities and acquired intrinsic or extrinsic patho- 
logic changes of the duodenum are fairl} common and chnicalh it is 
difficult to differentiate a pathologic from an idiopathic obstruction 

Congenital atresia, or compression of the lumen b\ anomalous 
bands or blood vessels maj occur m am part ot the duodenum 
Jackson ® reported a case of partial obstruction m the second part due 
to a remnant of the anterior mesogastnum DeMne'‘ reported the 
occurrence of megaloduodenum m children Bakai ^ reported a case of 
obstruction by a Treitz hernia The Kelloggs ° mentioned obstruction 
due to h}pertroph} of the ^ahulae of Ochsner’s muscle, from inflam- 
mation and new growths 

There are numerous reports of cases ot extrinsic pathologic changes 
produang obstruction Postoperatn e obstruction has been obsen ed due 
to a kinking of the duodenojejunal angle (Brown et al ") or a localized 
peritonitis (Dmal®) following gastrojejunostomj 

3 Jackson, R H Congenital Constriction of the Duodenum Due to an 
Abnormal Fold of the interior Mesogastnum Ann Surg 84 723 (\'o\ ) 1926 

4 Denne, H B Basic Principles and Supreme Difficulties in Gastric 
Surgery Surg Gmec Obst 40 1 (Jan ) 1925 

5 Baka\, L V Disturbances of Passage in the Duodenum \rch f klin 
Chir 141 135 (Ma\ 22) 1926 

6 Kellogg E L and Kellogg A\ Chronic Duodenal Stasis Radiolog\ 

9 23 (Tuh) 1927 

7 Brown G E Eustcmnnn G B Hartman R H and Rowntrcc L G 
Toxic Nephritis m P\loric and Duodenal Obstruction Renal In'ufficieaca Com- 
plicating Gastric Tctan\ \rch Int Med 32 42-< (Sept ) 1^23 

S Diual P Roux I C Gatcllier and Meatier Rclatio is catre le'at 
infcctieux des parois gastriquc- ct ctrtains troubles con cciuii- a la c-'s,'o- 
entcrostomic Bull ct mein ''oc nat de chir 52 270 I02'> 
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Theie are two chief theories in the production of the idiopathic type 
of obstruction in the teiminal duodenum, the mechanical and the 
neuromuscular The mechanical type of marked idiopathic obstruction 
with hyperperistalsis is an unusual condition Undoubtedly, fewer 
cases would be so classified if postmortem studies weie made Hyper- 
peristalsis may be observed under the fluoroscope, and occasionally it is 
visible after the intake of fluids This is the characteristic chronic 
type of duodenal ileus, but cases with a pathologic basis for duodenal 
stasis aie reported undei this classification 

The most commonly accepted belief is that obstiuction of the ter- 
minal duodenum is due to pressuie fiom the supenor mesenteric aitery 
At operation, Devine observed that the dilatation stops at the point 
of crossing of the superior mesenteiic aiteiy Wilkie relieved the 
dilatation by lifting up the drag on the loot of the mesentery 

Halpeit® stated the belief that acute and chronic duodenal obstruc- 
tion have the same etiology In a study of the anatomy, he has con- 
cluded that pressuie is caused by traction due to displacement of the 
small intestine into the pelvis, and that while jejunal branches of the 
superior mesenteiic arteiy he between the leaves of the mesenteric fold, 
they do not cause the obstruction He located the point of obstiuction 
on the pais horizontahs inferior just pioximal to the ascending por- 
tion and some distance from the duodenojejunal flexure 

He found that the angle between the supenor mesenteric artery and 
the aoita was at the level of the first lumbar vertebra, whereas the part 
of the duodenum at which obstruction occurs was at the level of the 
third lumbar He found that the left renal vein may be compressed 
in this angle beneath the artery but never the duodenum Clinically, 
he differentiated a primary arteriomesenteric occlusion followed by 
paral} sis and passive dilatation of the stomach and a secondary dilatation 
of the duodenum following that of the stomach 

The relation of the origin of the root of the mesentery either to the 
right or to the left of the lumbar A^ertebra may influence obstruction 
Snitzler believed that obstruction was more likely when the ligament 
was attached to the right of the median line Case observed in the 
supine position that pressure of the vertebrae against the normal duo- 
denum mil sometimes cause obstruction at the “duodenojejunal flexure, 
mth untiling duodenal moA^ements He also obserA'ed that if the 

9 Halpcrt, B The Arteriomesenteric Occlusion of the Duodenum An 
Amtomical Stud\, Bull Johns HopKins Hosp 38 409, 1926, A^irchous Arch f 
path Anat 244 439, 1923 

10 Sultrier, quoted b\ StaAeh Surgr G\nec Obst 11 288, 1910 

11 Case James T Chronic Obstruction of the Small Intestine, Bull Battle 
Creek Sanit &. Hosp Clinic 22 193 fSept ) 1927, Radiologv 9 1, 1927 
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patient had been resting on his right side preceding the roentgenologic 
examination, the duodenum nas usualh more than normalh distended 

The dCA elopment of the duodenum is separate from the small intes- 
tine as described b} Hunter^- He obsened, first, the formation of 
two loops in the straight duodenum, second, the rotation of the colon 
and changes in the adjacent iiscera and, finallj, the disappearance ot 
the mesentery w ith the duodenum assuming its retropentoneal position 
The loop is formed before the dei elopment of the pancreas and is not 
molded b} it 

Dw ight in a stud} of adult t} pes of duodenum found that the 
pnmiti\e fonn is ring-shaped from winch all others arise and on 
relaxation it tends to resume this shape On distention he found the 
U- and V-shapes most common , others were C-shaped or indeterminate 
The supenor flexure was usuall} at the lei el of the first lumbar lertebra 
and the lowest point of the descending portion decidedh lower than 
usuall} reported, usuall} opposite the fourth lumbar The statement 
that usuall} the third portion crosses the aorta presumabh with no 
pentoneum intenemng and that the fourth portion ascends on its left, 
he found incorrect He obsen'ed in fifti-four instances that the tlurd 
portion crossed the aorta onl} eleien times, the fourth portion crossed it 
thirty-seien times, and the duodenum was entirel} on its nght side 
SIX times In man^ cases m wluch the duodenum la} m tront and m 
some to the left of the aorta, a fold of pentoneum lai between It 
was difficult for Dwight to determine whether the original attachment 
of the mesentery was at the right or left of the aorta, but he behered 
It was along the right wnth intenemng pentoneum frequent!} present 
Halpert stated that the muscle of Treitz holds the terminal duodenum m 
position How'erer, Jonnesco^^ admitted that the fourth part slides 
easily and is less firmly attached than the second or third parts 
Abnormal fixation of the terminal part has been suggested as the cause 
of obstruction 

Dw ight found that the first part of the duodenum m man w as egg- 
shaped and smooth and that the other parts presented irregular tolds 
especiall} the second The largest circumference was usualh m the 
second or third part In two cases it was abnormalh large, measuring 
IS cm in the second part 

The duodenum has been duided b\ Huntington into a suprameso- 
colic and an mframesocohc part b\ the root of the mesocolon The 

12 Hunter, R H Deiclopmcnt oi the Duodenum T \.uat 61 2 !^ (Tan) 
1927 

13 Dwight T Notes on the Duodenum and the T tint >S. 

Plneiol 11 517 1897 

14 Tonnesco quoted b\ Dwight (footnote 1 j) 

15 Huntington, G S The \natonn ot the Hnm-'n Pen ore m 1 \bd imt 
ml Cn\ lU Phdndelpbn Lea Brother^ S, Compant 
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mframesocolic part is fuither divided by the root of the mesentery of 
the small intestine into the pars mframesocolica dextra and sinistra 
Obstruction of the terminal duodenum by prolapse of a part or all 
of the colon has been described Bloodgood/® however, believed that 
the prolapsed cecum pulled on the mesentery of the small intestine and 
that duodenal obstruction resulted when the last portion of the ileum had 
a short mesentery He obtained relief in a few cases by resection of 
the right half of the colon Traction of the cecum or ascending colon 
on the mesocolon may also press on the second part of the duodenum 
(Quam,^’’ Duval, Kellogg and Kellogg) forming an arteriomesocolic type 
which must be differentiated from the arteriomesenteric type of terminal 
duodenal obstruction 

The Kelloggs have mentioned traction on the superior mesenteric 
artery by the pull of the prolapsed cecum on the ileocolic artery They 
found that the prolapse of the transverse colon may also cause com- 
pression when the colic artery is gnen off above the duodenum or by a 
pull on the superior mesenteric artery itself Wilkie, Duval and 
Gregoire reported a case of obstruction by a right colic artery 
crossing the duodenum vertically The Kelloggs observed obstruction 
due to an arterial anastomosing branch between the right colic and the 
middle colic aiteries 

Duodenal obstruction by prolapse of the stomach has been described 
The Kelloggs stated the belief that gastroptosis increases the acuteness 
of the superior duodenal flexure and that obstruction may occur either 
at the inferior duodenal flexure, the mesenteric root or at the duodeno- 
jejunal flexure Bakaj^ described compression of the duodenum by the 
lesser omentum in gastroptosis De Luna observed obstruction in the 
first and second portion in gastric ptosis Adams ““ stated that a kink 
usuall} occurred at the duodenojejunal flexure but occasionally at the 
junction of the first and second parts of the duodenum He believed 
that a duodenojejunal kink is due to the drag of a ptosed stomach on 
the first part of the duodenum, which pulls it aiound the head of the 
pancreas until it is held at the duodenojejunal angle 

Recently the Kelloggs have reported compression of the jejunum at 
the pehic brim by prolapse of the small intestine into the pelvis as a 
new cause of duodenal stasis 

16 Bloodgood Dilatation of the Duodenum m Relation to Surgery of the 
Stomach and Colon, JAMA 59 117 (Julj 13) 1912 

17 Quam, E P Periduodenitis, ^Iinnesota Med 9 431 (Aug ) 1926, Am 
T Surg 38 198, 1924, Pathogenic Ptosis of Right Colon, A.rch Surg 6 638 
( April) 1923 

IS Gregoire, quoted In Wilkie (lootnote 1) ^ 

19 De Luna, C Le s\ndrome duodenal dans la ptose gastrique, Marscihts 
mcd 63 1261 ( Aug 15) 1926 

20 \dams, J E Duodenal Ileus Bnt J Surg 14 67 (Juh) 1926 
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Ptosis of the right kidnej tumors pressure from the pancreas, 
aneurxsm and intection m the gastric nail and perigastric hmphatics 
(Dinal) ma\ be 1 actors m duodenal obstruction 

The neuromuscular t\pe ot duodenal obstruction ma} occur either 
trom increased contraction or irom parahsis of the duodenal muscu- 
lature This theory is adiocated b}'- Robertson and Deiine who ques- 
tion the mechanical theory because of failure to relieie the simptoms 
in a number ot cases b} short circuiting operations Some failures 
ha\e been reported b} others Hone\er, in the absence of a tlior- 
ough anatomic or postmortem stud), an) companson of medical and 
surgical treatment in the \aried t)pes ot stasis classified as chronic 
duodenal ileus is unreliable Robertson belie\ ed that the obstruction 
IS due to a disturbance of nen'e balance between the lagi and the 
S)mpathetic He stated that either stimulation of the s)mpathetic or a 
depression of the lagi ma) result m dilatation Devine stated that the 
s)mpathetic tonus aids retention m the stomach and duodenum The 
function ot the paras) mpathetic is to empt) the mscus and it acts 
mtermittenth , the tvo S) stems being complementar) He considered 
duodenal ileus as an exaggerated retention similar to cardiac spasm due 
to neuromuscular derangement above the duodenal rudinientar) sphinc- 
ter Ah arez -- experimentally found that both the ^ agus and splanchnic 
nenes sene as inhibitors and regulators of intestinal actmt) The 
onl) sign of antagonism vas found in conduction, vhicli was improred 
by lagotoni) and injured by splanchnicotoni) 

Carlson,=® Bolton and Sahnond considered antiperistalsis of the 
duodenum as a normal condition for the purpose ot mixing food vith 
the digestne juices Glenard behered that ph)siologic retention in 
the duodenum v as produced bi pressure on the duodenum b) the 
mesenteric ligament 

The action of morphine and opium on the duodenum and intestinal 
tract is of interest in mi case because of the large continued doses gnen 

21 Robertson G Acute Dilatation of Stomach and Intestinal Tube vitli 
Consideration of Chronic Duodenal Ileus Surg Ginec Obst 40 206 (Feb) 1925 

22 Aharer, W C The Effects ot Degeneratne Section ot the Vagus and 
the Splanchnic Xenes on the Digestne Tract, Proc of the Staff Meetings oi the 
Maio Chine 4 205 (Juh 3) 1929 

23 Carlson A J Aloiements of the Ahmentari Tract in Experimental Ani- 
mals Illinois M J 55 429 (June) 1929 

24 Bolton C , and Salmond R M A Antiperi-talsn oi Duodenum and Its 
Relation to P\loric Regurgitation Lancet I 1230 ( lune II) 1927 Salmond 
Ob'.er%ations on the Moaements of the Duodenal Content- with Special Rcierence 
to Antiperistalsis and P\ lone Regurgitation Proc Roa Soc Med 21 1361 (June I 
192S 

2s Gknard quoted Iw Staseh (lixUnote 11) 
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during the persistent delirium and during the onset of the ileus Weitz 
and Vollers found that opium increases the tonus of the stomach and 
intestines There was an increase of the pendulum movements of the 
intestine, which they thought might favor the resorption of fluids and 
account for the constipating action of the opium Recently I studied 
roentgenologically the case of a man, aged 44, who had been a morphine 
addict for ten years The stomach was normal The duodenum filled 
well and emptied normally, but there was occasional antipenstalsis with 
slight puddling The colon was noimal except for a moderate spastic 
condition throughout 

Hypertonicity may have been a factor in the duodenal obstruction 
in my case and also in the diarrhea which occurred with each aggra- 
vation of duodenal obstruction However, the administration of 
morphine and opium was discontinued before the last and ivorst attack 
of obstruction Hypertonicity might have initiated an obstruction which 
easily became a mechanical, valvehke, obstructing angulation of the 
duodenum at the crossing of the mesentery Higgins stated that hyper- 
peristalsis was present m marked cases of duodenal ileus which required 
short circuiting operations 

Pathologic Changes — The anatomic changes reported previously in 
chronic idiopathic duodenal ileus have been limited apparently to obsei- 
^atlons under the roentgen ray and at opeiation At operation, Wilkie 
frequently observed a bulging of the first pait of the duodenum with 
the stomach dilated and the pjdorus patent On lifting up the trans- 
verse colon, he observed that the small intestine was usually m the 
pelvis and that the third part of the duodenum was usually dilated 
Others have reported dilatation up to the point of crossing the superior 
mesenteric artery 

A plastic exudate about the superior duodenojejunal fossa has been 
described b) Miller and must be differentiated from the changes such 
as may occur in a localized peritonitis following a gastrojejunostomy or 
associated with a gastric ulcer Wilkie stated that there was usually a 
lack of hypertrophy of the muscle wall in chronic duodenal ileus but 
that it might occur Devine rarely found evidence of it The Kelloggs 
stated that there was first hypertrophy and hyperperistalsis with late 
atroph), dilatation and stasis They noted that the pjlorus was at first 
In pertrophied and spastic, later becoming incompetent 

26 Weitz, W , and Vollers, W Ueber die Beeinflussung der Bcuegungen dcs 
Magens und Darms durch Opium, Ztschr f d ges exper Med 54 161 (Jvn 
1927 

27 Miller E M , and Brown, R C Chronic Duodenal Ileus, S Clin North 
■\tnerica 5 1117 (Nug) 1925 
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From roentgcnographic examinations, the Kelloggs ha^e described 
four Upes ot duodenal stasis 

1 The asthenic duodenum in which samptoms were latent or toxic Roentgen 
examination showed deh^ or puddling in the duodenum, with sluggish peristalsis 
and slight or no dilatation 

2 Duodenal obstruction with an incompetent p\ locus The dilatation ot tlie 
stomach was moderate or absent The roentgenologic examination of the duo- 
denum gaae negatne results or occasionalh showed reaerse peristalsis 

3 Duodenal obstruction with Inpertropln The duodenum was elongated and 
Its walls were thickened Lnder the fluoroscope it was seen to labor oaer its 
contents (writhing duodenumf Cramplike pains were common 

4 A dilated duodenum The area ot tjmpanj was increased and pain was 
steadx or cramplike This tipe was most readila demonstrated b} the roentgen 
examination 

There a\as practicall} complete obstruction m nn first case under 
the fluoroscope, but there was a slight passage ot barium on turning 
the patient to the lett side and m the prone position This together 
with h} perpenstalsis would speak for a mechanical nonstrangulating 
t} pe ot obstruction 

The duodenal stasis m m3 other cases w as of a mild t) pe , m case 2 
reierse peristalsis was still observed after th) roidectom) 

ExperimentalK , Berg et al hai e produced a persistent duodenal 
obstruction in dogs which should not be compared to the clinical 
idiopathic ileus because the latter ma} act intermittent!} These authors 
obtained a dilatation and hi pertrophi aboi e the obstruction w ith emacia- 
tion, but there were no simptoms of intoxication Thev usualh tound 
bacteria present Atter partial obstruction bacteria especialh ot the 
colon group increased but later the} occasionalh decreased Usualh 
few er organisms w ere found below the obstruction 

The anatomic t}pe predisposing to duodenal obstruction has been 
described as spare and slender hai mg a narrow costal angle and a broad 
pelvis 

Associated Pathologic Pi occsscs — Associated ulcers of the stomach 
and duodenum haie been reported (R}le-®) ilkie believed that the 
duodenal obstruction predisposed to ulcers He found among se\ enti - 
five cases, four patients with gastric ulcers and three with both gastric 
and duodenal ulcers 

In cases ot pathologic duodenal and pvlonc obstruction, especnlh 
cases m which tetam resulted, toxic nephritis has been observed b\ 

28 Berg, Melenev and Tobling Experimental Chronic DuodemI Ob tructmn 
Tccbnic and Plusiologi \rch Surg 14 /'•Z and 770 (March) 1*^2“ 

29 RiJe, T V Ca'c 01 Duodena! Ileus witli Periorating Duodc lal bice- 
Gm’s Hosp Rep 76 162, 1*^26 
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Brown and otheis Associated lesions of the panel eas and gallbladder, 
some with jaundice, ha\e been lepoited Hyperthyioidism may be 
associated 

Symptoms — Chronic duodenal ileus is usually lemittent oi mtei- 
mittcnt The clinical symptoms may be vague oi chaiacteiistic The) 
may date back to childhood oi appeal in adult life, especially following 
an emaciating illness or childbirth 

Pain IS the most distressing symptom Wilkie found that it usually 
occurs one-half hour aftei meals It may be at the left or the light of 
the umbilicus Epigastric fulness and flatulence are common after 
meals 

Vomiting of laige amounts is usually piesent but occuis periodically 
Wilkie observed it lasting fiom one to two days about eveiy four to 
five weeks It may occur at ceitain peiiods each day, fiequently several 
01 even man) hours aftei a meal The fluid is usually bile coloied 
There is often a diead of eating 

Loss of weight duiing the acute attacks may be lapid, with alaiming 
dehydiation Theie may be tetany-hke manifestations The attacks aie 
often described as bilious They are often associated with headache, 
malaise, depression and neuralgia 

Toxic symptoms somewhat similar to uiemia and shock have been 
described, but I have not noted pievious repoits of changes m the blood 
chemistry m the idiopathic type In extensive pathologic obstruction of 
the duodenum, examinations of the blood chemistiy have shown (Brown 
and others) a low level of chloiides, a high level of blood uiea and of 
cieatme and a high caibon dioxide cariymg capacity 

It is significant that no changes weie observed in the blood chemistiy 
m my case during the acute exaccibations with peisistent vomiting and 
loss of weight 

In experimental partial duodenal obstruction by Berg and his 
co-uoikers, there ivas also an absence of intoxication even though it 
produced dilatation with hypertrophy Clinically, m acute intestinal 
obstruction and ileus, McVicar and Weir®® found severe toxemia with 
dclndration before the occurrence of disturbances m the blood Changes 
m the blood chemistry should therefore speak for pathologic changes 
such as a high giade stenosis from new growth or adhesions How- 
eier, acute dehydration, ^omltmg and emaciation ma) be present in 
either idiopathic or pathologic obstruction 

On plnsical examination in duodenal obstruction, the patient is 
usiialh found to be thin and may be emaciated Tenderness may be 
jiresent near the umbilicus Distention and fulness ma) be marked 

30 McVicnr and Wcir X iturc and Treatment of the Toxcmi t of Intestinal 
Obstruction and Ileus I \ M \ 92 887 (March 16) 1929 
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The stomach ma^ he low and dilated The obsenation ot a huge dis- 
tended duodemiin filling almost the cntiie abdomen and extending below 
and to the lelt of the normal location with iisible peristaltic waACs as 
in m\ case is apparcnlh laie Wiikic has described a definite tAmpamc 
swelling of the duodenum in one case as unusual 

Haee’s procedure of pressuie upward and backward ma\ demon- 
strate gas gurgling through the duodenum The Cash s\mptom ot 
duodenal splashing or succussion was occasional!} obsened be Kellogg 
and rareh b\ '\^'llkle 

PROGNOSIS AND TREATMENT 

The prognosis will depend on the recognition ot the Aanous tactors 
iiiAohed in the idiopathic as A\ell as in the pathologic obstruction A\ith tlie 
institution of appropriate treatment In a a\ ell dei eloped obstruction ot 
the terminal duodenum, A\ith In perperistalsis a duodenojejunostom} is 
usual!} indicated Howeier the latter mai not giie complete reliet 
w hen there are pathologic changes or neuromuscular disturbances 
imohing other portions of the gastro-mtestinal tract 

Obstruction of the proximal duodenum b} anomalous bands or 
adhesions should be excluded Ouain has obtained good results bi 
means of a transniesocolic duodenojejunostom} The bands mai 
occasional!} be dnided, a gastrojejunostoiuA mai also gne rebel 
although It usually does not Aihen obstruction is m the terminal duo- 
denum (Adams) Resection ot the colon as performed bi Bloodgood 
is rare!} necessar} for an} t\pe of duodenal obstruction 

In a stud} of the late results in fitt} -sei en cases classified as chrome 
duodenal ileus Wilkie found twent} -three patients cured, eleien 
improAed twehe still liaiing slight s}mptoms and nine without reliet 
The last group included the cases ot iisceroptosis He found the best 
results in cases with roentgenographic eiidence of dilatation and no 
ei idence of mechanical obstruction In thirt} cases m w Inch the patients 
were treated b} duodenojejunostomi alone the Kelloggs found eighteen 
free from s}mptoms and nine improied There were two deaths m a 
total of sei enti^-seA en patients treated bi duodenojejunostoniA alone or 
combined with other proceduies 

A lateral anastomosis ot a loop ot jejunum to the second portion ot 
the duodenum as suggested bi Barker and pertornied bi Star eh i» 
usuallv the operation of choice in obstruction near the temimal duo- 
denum The stomach and duodenum should be aspirated if necessan 
before operation It is unnecessar} to use a clamp on the duodenum or 
the jeiunum 

31 Staieh, A L Chronic GTstromc'entcnc Ileu= Sure Gmicc ObM II 
2SS, 1910 
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The usual technic foi a lateial anastomosis is satisfactoi}'' The 
use of an outci low of fine silk oi linen sutuies is advisable, with 
additional sutuics to pi event angulation of the jejunum Some othei 
operative pioceduies may be indicated when duodenal ileus is associated 
with anatomic oi pathologic conditions 

SUl^IMAUY AND CONCLUSIONS 

In case 1 the following obseivations weie made 

1 The stomach and pyloiiis weie dilated together with the duo- 
denum, and theic was hypei peristalsis with a chuinmg back and foith 
in the duodenum befoic opeiation 

2 Theie was no unusual ptosis evident in the stomach oi duodenum, 
except that resulting fiom dilatation 

3 There w'as a subsidence of duodenal dilatation after operation 

4 At postmortem examination, the descending and infer loi portions 
of the duodenum were widest proximal to the root of the mesentery 
There was a nan owed segment beneath the mesentery containing the 
super 101 mesentciic blood vessels 

5 The ampulla of Vatei was apparently continent 

6 A pull on the mesentery itself did not seem to pioducc a nan ow- 
ing of the duodenal lumen 

7 The suirciior mesenteiic aiteiy ciosscd the duodenum about 4 cm 
from the duodenojejunal junction A downward pull on this ailciy 
easily pioduced olrliteration of the duodenal lumen beneath it 

8 1 here wms no evidence of liypeitiophy of the duodenal wall eitlici 
at operation oi at postmoitem examination 

9 Ihc ligament of Ticit/ was broad at its mscition This band 
might base hypertrophied and rncr eased the fixation of the duodenum, 
or it might bare aided counteipicssurc against the super loi mcscntcrie 
ailcry 

10 It seemed impossible by dowmwaid or lateral traction on tlic 
jejunum, 1)\ pulling on the hg.imtnt of Tieit/ or by distention of the 
duodenum to jrroducc <uiy nan owing of the lumen oi kinking <it the duo- 
denojejunal flexure 

Factors aiismg fiom acute hyperthyroidism that may have favored 
duodenal obstruction were a suddenly increased fluid mtcd\C, enneiation 
rigidity and retraction of the abdominal muscles, irritable colon willi 
diarrhea, const int lying on the right side, cardiac decompensation, a 
ncuromiisctihr disturbance perhaps aggrarated Iw large doses of mor- 
jihine and opium and delirium 

\ congenital origin, the standing position, inflammation of the gali- 
bhflder and the })rc--encc of pithologic changes or an, atomic anom dies 



McU HORl LR—IDIOP n me D10DL\ IL ILEIS 663 

nia\ be eliniinatcd as factors in this case Probabh after a certain 
amount of distention, a mechanical ^ahe forms under the root ot the 
mesenteu and m turn aggra\ates the contributing factors 

^Marked In pcqienstalsis ma} occur n ith a huge dilatation ot tlie duo- 
denum of se\cral neeks’ duration, and the lumen ma} return almost to 
its normal size shorth after duodenojejunostoni} nith little evident 
Inpertropln ot the nail 

Chronic nephritis niai result, but changes m blood chemistr} such 
as obsened uith marked pathologic obstruction or stenosis of the 
duodenum do not necessanh occur Seiere h} perth} roidism ma} not 
act direct!} in the causation of duodenal obstruction but undoubted!} it 
ma} contribute to its de\elopment 

Chronic idiopathic obstruction of the terminal duodenum vith dila- 
tation IS a clinical entit} and pathologic changes are not necessanl} 
present Abnormal or i anable anatomic tactors ma\ aid obstruction in 
conjunction vith a number of functional and neuromuscular dis- 
turbances vhicli ma} be the actuating factors The most necessar}’- 
factor m the obstruction is probably pressure b\ the supenor mesentenc 
arter} together nith the root of the mesenten Traction on this arten 
ma} be produced, clinicall} , b} peh ic displacement of the small intestine 



TUBERCULOUS PERITONITIS 


A STATISTICAL AND CLINICAL STUDY OF ONE HUNDRED AND 
EIGHTY-SEVEN CASES * 
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H S EVERETT, IM D 

BALTIMORE 

Although there are numerous monographs and countless shorter 
articles on the subject of tuberculous peritonitis m the literature, theie 
are relatively few contributions that deal with the disease exclusively 
as It affects women and m its relation to gynecological conditions It has 
been thought worth while, therefore, to give some consideration to this 
subject, and we have chosen as our means of doing so a statistical study 
ot all patients with proved cases of tuberculous peritonitis treated on 
the gynecological service of the Johns Hopkins Hospital from its open- 
ing on Ma> 7, 1889, until June 30, 1927 In pursuing this study, we 
have attempted to analyze particularly the types of the disease, both 
clinical and pathologic, the methods of treatment and the ultimate results 
The study of results has not been entirely satisfactory, owing to many 
difficulties encountered in tracing the subsequent course of patients after 
their discharge from the hospital We have, however, obtained data 
sufficient to admit of some relatively sound conclusions 

HISTORICAL DATA 

It was not until the advent of modern surgical methods had 
led to frequent laparotomies that anything like an adequate idea of 
the frequency of tuberculous peritonitis and of its various clinical and 
pathologic manitestations was reached The condition had been described 
in isolated instances as far back as the eighteenth century, Morgagni ^ 
haMng published the first satisfactory description of a case in 1744 
Tyo other cases, one b) Johnson in 1779, and another by Walthcr in 
1785, Mere reported in this century, and in the first half of the nine- 
teenth centurj the pathologic anatomy ivas described by many of the 
workers on tuberculosis in general (Bichat, Laennec, Boyle, Louis) " 
During this period, the disease was considered invariably fatal 

* Submitted for publication, Oct 20, 1929 

♦From the Gynecological Department, the Johns Hopkins Unnersits and 
Hospital 

] Morgagni De sedibus et causis morborum, cpistola 38, no 34, cd Radius 

2 Clavier Lucicn These dc Pans, 1895 
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As earh as 1862, Sir Spencer Wells ^ performed a laparotoni) on 
a }oung \\oman, aged 22, -who A\as behe\ed to ha-\e an oianan tumor 
He tound a tjpical picture ot tuberculous peritonitis of the ascitic t}pe, 
remo\ed the fluid and closed the abdomen The patient recovered and 
Mas Mell tMent 3 -}ears after the operation In 1884, Konig^ reported 
a series of 4 cases m mIucIi operation Mas performed Mith 3 recoieries, 
he proposed laparotomy as the method of treatment as soon as tlie 
diagnosis should ha\ e been made In 1887, Kummel ® reported 40 
cases M ith operation and, m 1890, Konig ® collected and presented at tlie 
Congress of Surgeons m Berlin tlie cases of 131 patients mIio had been 
treated by laparotoinj In this series, there Mas an apparent cure in 
84, or 65 per cent of the cases, but m only 30 of them had a period 
of tM o } ears or more elapsed since the operation 

In this country ^'an de \\’’arker,' m 1887, Mas the first to adnse 
laparotomy as a method ot treatment He concluded “It is safe to 
assume that opening the abdomen in instances of tuberculous degenera- 
tion ot Its lining membrane is comparatuely free from danger, and, in 
view of its possible benefit, amplj justified ” 

Thus, surgical mter^entlon ga\e a tremendous impetus to the stud} 
of this disease In the next fcM }ears, man} senes of cases Mere 
reported Mith the results from operatne treatment In 1892, Lindner 
reported 205, and Aldibert 308 cases The folloMing jear Roersch 
collected 358 and Adossidies 405 cases In 1896, Alargaruca collected 
253 cases of patients operated on b} members of the Italian Surgical 
Society, shoMing 216 instances, or 85 4 per cent, of cures ® Besides the 
reports of surgical treatment, general consideration of the disease 
became the subject of numerous studies Several theses for the degree 
of Doctor of Medicine at the Unnersit} of Pans ® Mere de\oted to the 

3 Sir Spencer Diagnosis and Surgical Treatment of Abdominal 
Tumors, London, J &. A Churchill, 1883, p 210 

4 Konig, F Ueber diffuse peritoneale Tuberkulose und die durch solche 
henorgerufenen ScheingeschM ulste im Bauch nebst Bemerkungen zur Prognose 
und Behandlung dieser Krankheit, Centralbl f Chir 11 81, 18S4 

5 Kummel, H Ueber Laparotomie bei Bauchfelltuberkulose, Arch i klin 
Chir 37 39, 1888 

6 Konig, F Die peritoneal Tuberkulose und ihre Heilung durch den Bauch- 
schnitt, Centralbl f Chir 17 657, 1890 

7 Van de Warker, Eh Laparotom\ as a Cure for Tuberculosis of the 
Peritoneum, Am J Obst 20 932, 1887 

8 Johnston, George B, in Kelh and Xoble Gmecologi and Abdominal Sur- 
gerj, Philadelphia, W B Saunders Compam, 1914, lol 2 p 617 

9 Alleaume, G These de Pans 1894 Guillemare, G The^e de Pari= 

IS9S Lichteman S These de Paris IS96 Claiier (rootnotc 2) 
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subject, and in Germany monographs were contributed by Cramei,^" 
Lauper^^ and Strassburg 

In America m 1890, Osier published a monograph describing the 
various clinical and pathologic types of the disease, and, in 1903, 
Murphy included m a monograph on tuberculosis of the female 
genitalia a rather complete description of the disease as it occurs m 
women 

Since 1900, the volume of hteratuie has increased rapidly, and it 
would seem that any meiely statistical addition might be superfluous 
We find, however, that the subject m its i elation to gynecology alone 
has not been dealt with thoroughly enough to render valueless a few 
additional statistics We offer, therefore, the following study of 187 
cases as a contribution to the gynecological aspect of tuberculous 
peritonitis 

Table 1 — Inctdcnce of Fubei culotts Pcntonitis 


Patients Patients with Percentage 

Preated Tuberculous Peritonitis Incidence 

f . A ^ ^ K ^ 

Time Periods White Colored lotai White Colored Total White Colored Total 


Maj 7, 1889 to Ian 31, 1839 

5,614 

933 

0,549 

30 

11 

41 

0 54 

118 

063 

reb 1, 1809 to Jan 31, 1909 

0 814 

1,990 

8,804 

S3 

25 

53 

0 48 

128 

006 

Feb 1, 1309 to Jan 31, 1919 

0,164 

2 989 

9,153 

23 

21 

43 

036 

0 70 

0 47 

Feb 1, 1919 to June 30, 1927 

5,009 

3,469 

8,493 

12 

33 

45 

024 

0 95 

063 

Total=JIaj 7,1889 Junc30,1927 23,601 

9,403 

33,004 

97 

90 

187 

0 41 

0 90 

0 50 


OBSERVATIONS ON ONE HUNDRED AND EIGHTY-SEVEN CASES 

Incidence — Table 1 is a composite table showing the incidence of 
tuberculous peritonitis on the gynecological service of the Johns Hopkms 
Hospital as distributed between the white and colored laces and for 
the different decades since the opening of the hospital m 1889 

It will be seen from this table that the incidence for the entire period 
has been 0 56 per cent As compaied with the general statistics gathered 
from the hteiature, this is a remarkably low figure, but it must be 
taken into consideration that most of the statistics found m the literature 
aie compiled from autopsy rather than from clinical records, and still 
further that only those women m whom the peritonitis is definitely 
associated with tuberculosis of the pelvic organs are admitted to the 

10 Cnmcr, C Ein Fall \on Bauchfcltuberkulose, Berlin, G Sclnde, 1895 

11 Liuper, J Beitragc ztir Frage der Peritonitis tubcrkulosa, Leipzig, J B 
Hirschfeld, 1901 

12 Strassburg, J L A Ueber Peritonitis tuberkulosa, Kiel, Schmidt & 
Klaunig, 1902 

13 Osier, William Johns Hopkins Hosp Rep 2 67, 1890 

14 Murpln, John B Tuberculosis of the Female Genitaln, Am J Obst 
48 737, 1902, ibid 49 205, 1902 
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gMiecological senice, the others being assigned to either the medical 
or the general surgical services In the first 7,000 autopsies at the 
Johns Hopkins Hospital there were 197 cases of tuberculous peritonitis 
or an incidence of 2 8 per cent Engelmann found that in 2,837 
autopsies at the Munich Pathological Institute 1 6 per cent and that 
of 8,421 cases from the Berlin Pathological Institute during ten 3 ears 
2 5 per cent of the patients had suffered from this disease In Erlangen 
during tv ent} -three 3'ears, the autops}' records shoved 1 5 per cent 
and in Kiel 5,425 autopsies in fifteen 3'ears gaie 1 per cent These 
reports include onty cases resulting fatalh from tuberculous peritonitis 
At the Pathological Institute of the Unnersit} of Prague the statistics 
of 3,500 autopsies, including the incidental finding of tuberculous 
peritonitis, ga^ e a percentage incidence of 4 7 per cent ® In this countiv , 
Cummings,’^® in 3,405 autopsies from the Penns} h ania Philadelphia and 
Unnersit}' Hospitals, found 92 cases of tuberculous peritonitis (2 7 
per cent) 

Cummings further found tuberculosis in some form m 835 of the 
autopsies, or 24 5 per cent, and of these the 92 v ith peritoneal im oh e- 
ment constituted 11 per cent In 1,170 autopsies at the Boston Cit} 
Hospital, Bottomle} found tuberculosis m 197 or 16 8 per cent, and 
tuberculous peritonitis m 14 or 7 1 per cent of these Nothnagel said 
that statistics 1 2 .ry from 1 25 to 16 16 per cent of peritoneal invoh ement 
among tuberculous patients He further stated that 24 8 per cent of 
all cases of peritonitis are tuberculous 

One other point of interest is to be derived from our statistics as 
piesented m table 1, nameh', the gradual decline m incidence dunng the 
period under consideration This has been more striking among vhite 
than among colored patients Among the colored patients, the most 
notable decline vas during the third decade vith a subsequent slight 
rise during the past eight }ears In the literature ve ha^e encountered 
no similar statistics to compare vith our ovn vhich, hov’e^er, are in 
accord vith the figures on tuberculosis m general vhich has shovn a 
consideiable decrease in incidence during the past forta a ears 

6"^ — Pathologic statistics usualla shoaa the disease to be more com- 
mon in men than in aa'omen Sixta-taao of Cummings’ 92 cases aaere 
in males and 30 in females In his oa\n series of 21 patients Osier 

15 Engelmann E AV Beitracc zur Kemtnis dcr Bauchtellentzundnnv 
be-onders der tuberkulosen Eorm, Dies 'Munchen 1^02 p 

10 Cummings, W T Enia Penn AI Bui! IS 272 IPO'-IPOO 
17 Bottomlca, John T Am Med 3 20^ 1^02 

IS Isothnagel S\stem of Medicine quoted b\ Cummincrs L ni\ Pt ir M 
Bill IS 272 ICOS-KOO quoted In Bottomlea \n Med 3 20' 1002 
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found that 15 were males, but he stated that the disease is moie common 
m females, and fiom the combined figmes of Boulland, Hane, Mourange 
and his own found a total of 60 males and 131 females In Seik’s 
senes of 107 cases, 89 of the patients were males and 18 females John- 
ston ® stated that from the combined statistics of Konig, Lindner, 
Kummel and Rosenbuig (all surgeons) m 386 cases, only 36 of the 
patients were men while 350 weie women Thus there is a marked 
discrepancy between pathologic and operative statistics As a possible 
explanation foi this Johnston ® offered that in most pathologic reports 
no account is taken of the relative number of total autopsies on males 
and females, and he was of the opinion that the males aie usually m 
larger numbeis We would suggest fuither that the frequent associa- 
tion m females of peiitonitis with tuberculosis of the generative organs 
and the resulting possibility of successfully extiipating the pnmaiy focus 
at operation lead to operative treatment far moie frequently m females 
than in males, thus accounting foi the discrepancy m the statistics on 
the other side Aftei leviewing all these statistics, one would be inclined 
to believe, theiefore, that there piobably is no veiy great difference in 
the incidence of the disease among the two sexes 

Race — Oslei stated that it is generally believed that the disease 
IS more common among the colored than the white race but that theie 
aie no statistics on the subject justifying any definite decision Three 
of his 4 patients at the Johns Hopkins Hospital belonged to the colored 
race We also, in reviewing the later hteiatuie, have found a striking 
paucity of figures on this subject Of 77 cases reported by Cummings,^® 
m which the race w''as stated, 39 were m colored and 38 m white patients , 
but Cummings gave no figures as to the lelative frequency of white 
and colored in his total of autopsies Our figuies show a decidedly 
higher incidence among the colored patients Of our 187 patients, 97 
weie white and 90 colored, but during the period under consideiation 
there were 23,601 white patients tieated on the service and only 9,403 
colored patients, so that the incidence among white patients for the 
total period was 0 41 as compared with 0 96 per cent among colored 
patients Greenberg,^® m a rewew of 200 cases of tuberculous salpingitis 
from our serwee, found an incidence of 0 71 per cent among the white 
and 1 18 per cent among the colored patients Thus our figures are m 
accordance wath the general opinion that has been held, but without 
statistical confirmation as to the greater f requeue} among the colored 
race 

Age — It IS generally stated and confirmed b} statistics that tuber- 
culous peritonitis occurs wath the greatest frequenev betueen the ages 
of 20 and 40 }ears Table 2 shows our figures on this subject as com- 

]0 Greenberpr J P Tobn-. Hopkins Ho^p Rep 21 100, 1921 
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pared ^Mth some of the more representatn e ones collected from the 
literature 

All of the figures m table 2 illustrate clearh that we are deahng 
ith a disease occurring most commonl) in 3 oung adults In our oira 
series practicall}’’ half the patients were between 20 and 30 and 170 of 
the 1S7 were between the ages of 10 and 40 

Paiify — Howard A Kelh stated that pregnane}^ has a definite 
causal relationship to tuberculous peritonitis In 28 per cent of his 
cases the onset was definite!} dated from a miscarnage or labor He 
further stated that of the married women 2941 per cent remained 
sterile, and 11 76 per cent miscarried e\er} time, 41 17 per cent were 


T vble 2 — Age Incidence of Tubcrculoits Peritonitis 






Osier s 

Ca'es 





Authors 

Cases 

Collected* 

Cummings Cases 

ige 

Tears 

dumber ! 

Per Cent 

Number 

Per Cent 

dumber 

Per Cent 

Under 10 


1 

0 5S 

27 

s 

4 

5 

10 to 20 


47 

2514 

to 

21 6 

14 

17 7 

20 to SO 


o> 

tl9 27 

S7 

251 

17 

216 

so to -JO 


SI 

1655 

71 

20 5 

17 

216 

40 to 50 


10 

5 S5 

61 

17 5 

12 

15 

50 to 60 


6 

320 

10 

5 0 

9 

114 

Over 00 


0 

00 

6 

1 s 

6 

76 

Total 


1S7 

100 

346 

100 

79 

100 

’ Osier’s cases 
Tenwack Bnstowe 

con«i«t 

Hilton 

o£ his own 21 combined with 
Fagge and Lebert 

tho=e of 

Boulland 

Hane, 

Mourange, 


Table 3 — \uniher of Pi cgnaiuies -imong the Xincty-Onc Parous 

Tuberculous Peritonitis 

Women iLith 

1 m 32 4 m 14 7 m 2 

2 in 10 3 in 7 S in 2 

0 in S 6 in S 9 m 3 

10 m 2 

11 in 0 

12 in 2 


sometimes delivered at term and sometimes had miscarriages, while but 
17 64 per cent alw a} s w ent to term 

In our senes, there were 51 unmarried women and 136 who were 
or had been married , 87 w ere nulhparous , 91 had borne one or more 
children, and in the histones of 9 there was no statement in this regard 
The number of pregnancies among the 91 women who had borne children 
IS shown in table 3 

Onl} 10 of the women are recorded as hanng had abortions In 27 
cases or 14 5 per cent, the onset occurred during or followed within a 
short time after the termination of a pregiianc\ wliile in a parous woman 
who had had 7 pregnancies tlie tuberculous peritonitis did not come on 

20 KclK, Howard \ Operatiae G^nccolom \cw Vo’'K D \pplc‘on 
Compaiw lOO'i \ol 2, p 2o/ 
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until nineteen yeais aftei the termination of the last one Of the 27 
in whom the onset was associated with pregnancy, in 6 the piegnancy 
ended in a miscaruage 

Contact — The history of contact with tubeiculoiis peisons is absent 
in a stiikingly large peicentage of our patients Only 38 gave a definite 
family history of tuberculosis, while 131 absolutely denied any ascer- 
tainable souice of contact In 18 histones there was no record legarding 
this point In Kelly s 16 cases there was a tubeiculous family histoiy 
in only 2 Bottomley found a definite family history m only 2 of 25 
cases These figures are lathei confiimator> of the accurac} of oui 
own, about which, however, we are still inclined to some skepticism 
on account of the gross ignorance of man}' of the patients included in 
our senes 

Symptomatology — The disease presents great variations in its 
clinical manifestations, and in the degree of its severity There aie 
sereral definitely distinct pathologic varieties which \ie shall discuss 


Table 4 — Dmation of Symptoms 


Less tlnn 1 moiitli 

17 

7 months 


S to 4 j ears 

() 

1 montti 

12 

8 months 

11 

4 to 5 years 

11 

2 moQtbs 

12 

9 months 

0 

5 to G years 

u 

3 montlis 

11 

10 months 

1 

6 to 7 years 


4 months 

1") 

11 months 

4 

S years 

I 

5 months 

0 

1 to 2 yoats 

27 

10 years 

1 

0 months 

13 

2 to 3 years 

1C 

Questionable 

G 


later, and the symptoms and clinical course vary considerably with these 
forms From a purely clinical point of view, regardless of pathologic 
changes, certain definite observations may be made 

In the first place, the onset may be sudden with severe symptoms 
of an acute illness which may teiminate fatally oi pass over into a 
chionic foim On the other hand, the onset may be insidious and 
s}mptoms may progress slowly so that months or even several }ears 
ma} elapse before the patient finally seeks medical assistance In our 
series of cases, 73 patients had noticed their symptoms for a year or 
more when they first came to the clinic, while 114 suffered severely 
enough to induce them to seek aid within the first }ear In 17 of these 
the symptoms vere so acute as to bring them to the clinic within the 
first month after onset Table 4 shows the duration of symptoms in 
the 187 patients at the time they first presented themselves at the clinic 
Osier stressed the point that the symptoms may be quite latent 
and cited several cases in which the condition was discovered during 
the course of autopsies on patients who had died of an entirely different 
malad\ and in uhose cases there had been no suggestion of a tuber- 
culous peritonitis durincr life On the other hand, he also stressed a 
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group ot cases in ^^hlch the onset is so sudden that the disease is apt 
to be confused uith some condition more commonl} acute, such as 
enteritis, hernia or simple acute peritonitis In anahzing our cases 
according to the seierit} ot S 5 mptoms and signs it uas found that 
25 could be considered as acute, 31 subacute, 119 chronic, 7 as chronic 
\\ ith acute exacerbation at the time ot admission and 5 as latent These 
figures, together uith those m table 4, seem to indicate clearh that in 
the majority of cases the disease runs a chronic course, while m a 
small minorit} the symptoms are those of an acute illness 

Later in this paper ive shall classifj our cases pathologicalh 
according to Murph 3 "’s groups I, III and IV', omitting his group II 
The three groups that we have found it convenient to use are I, the 
disseminated, exudatne, miliary, nonconfluent serous (ascitic) lariet}", 
III, the adhesive, fibroplastic, cj^stic, partition or obhteratne larietv, 
and IV, tuberculous peritonitis with mixed or secondar}’- infection In 
group I there are 42, m group III, 108 and in group IV, 12 cases 
The remaining 25 cases could not be classified because of insufficient 
data due to the fact that in the majorit} no operation was performed 
have thought it worth w'hile at this point to attempt a correlation 
lietween these pathologic groups and the several clinical larieties such 
as acute, chronic and latent Accordingl}, ot the 42 cases m group I 
6 were acute, 7 subacute, 28 chronic and in 1 the process was entireh' 
latent, giving rise to no s}mptoms whateier Of the 108 cases in 
group III, 6 were acute, 14 subacute, 82 chronic and 3 chronic with an 
acute exacerbation In group IV, those with secondary infection, all 
the patients were acutel) ill Thus it is seen that, with the exception 
of group IV, the great majority of cases are chronic regardless of 
the pathologic tipe, but that the percentage of acute cases in group I 
(14 3) IS somewhat higher than that m group III (55) This is of 
some Significance as it will be seen later that a case which m the earh 
stages presents a picture characteristic of group I will later present 
the features of the more frequenth’^ chronic group III 

Chief Complaint — In anal}"zing the chief complaint with which the 
patients presented themsehes, it is found that in the last maiontj of 
the cases pain in one form or another was the determining factor that 
brought the patient to the clinic In fact 161 of the 187 patients com- 
plained of some form of pain, usualh located in the abdomen 
\ariet\ of other SMiiptoms were also sufficient!} anno\ing to be men- 
tioned with the chief complaint These were sointtnnes complained 
of alone but more often m association with pain Table 5 gues the 
\arieties as to character and location of the pain coniplamcd of and m 
table 6 will be seen the aanous other more or less prominent s\inptoms 
There is little ot diagnostic aaliie to be learned from the facts 
jirtsLiited 111 table ^ The ttpc"- ot pain cnmplaiiiLd of are si.ch as 
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commonly accompany a vaiiety of mtia-abdommal conditions Table 6 , 
however, is somewhat more helpful, m that it shows abdominal swelling 
to be a symptom rather fiequently observed by the patient Abdominal 
swelling, particularly when it can be proved to be due to ascites, is 
strongly suggestive of one of seveial conditions tuberculous peritonitis, 
cirrhosis of the liver, caicmomatosis, flaccid ovarian cyst, fibioma of 
the oval 3'^ associated with marked ascites oi geneial anasarca due to 
cardiac or lenal disease All of these conditions except the first are 
apt to occui in persons of at least middle age Oui statistics, however, 
show tuberculous peritonitis to be far moie common in youngei per- 


Table S — Vmtehes of Pam Mentioned in Chief Complaint 


Abdominal pain 

Si 

Headache 

S 

Lower abdominal pain 

n 

Drawing abdominal pain 

2 

Right lower quadrant pain 

IS 

Bam around umbilicus 

2 

Backache 

13 

Shooting lower abdominal pain 

1 

Abdominal soreness 

10 

Pam in right hip 

1 

Left lower quadrant pain 

s 

Pam in left flank 

1 

Abdominal crampliko pain 

5 

Ohest pain 

1 

Dysmenorrhea 

5 

Pam of various tvpes, total 

ICl 


Table 6 — Other Symptoms Mentioned in Chief Complaint 


Abdominal swelling 

58 

Diarrhea 

0 

Weakness or susceptibility to fatigue 

13 

Loss of Height 


Nausea and vomiting 

7 

Prcqucnci of urination 


Dysuria 

G 

Fecal fistula 


Abdominal mass 

G 

Postoperative fistula 

- 

Amenorrhea 

5 

Hemorrlioids 

1 

Menorrhagia 

5 

Malaise 

3 

Pevor 


Nosebleed 

1 

Dragging sensation 

4 

Draining umbilical sinus 

1 

licukorrhca 

3 

Postoperative \ontral hernia 

1 

Prolapsus 

s 

Indigestion 

3 

Constipation 

3 

Convulsions 

3 

General ill health 

2 

Urinary retention 

3 


sons Certainl) in a young peison with evidence of ascites, tuberculous 
peritonitis should be considered as a stiong possibility 

Weakness or susceptibiht}' to fatigue, when persisting ovei a long 
period of time, should ahiays arouse one’s suspicions of a tuberculous 
condition, but this S3anptom ^\as mentioned b}'^ onl3 13 patients among 
their chief complaints The raiious t3"pes of fistulas or draining sinuses 
mentioned b} 5 patients arc s}mptoms 11111011 should also entail a careful 
search for a tuberculous process The others listed in table 6 arc cither 
of no significance or mil be considered later along mth the general 
SI mptomatolog) 

jMan> siinptoms not particulail} stressed in the chief complaint 
Mere found on further questioning to be of more or less frequent 
occurrence We haie attempted to tabulate the s3mptoms as obtained 
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trom the histones under tour headings (1) general S3mptoms, par- 
ticularly those such as one should expect to find associated u ith a tuber- 
culous condition, (2) digestue sjmptoms, (3) g\ necological symptoms, 
and (4) urinar) symptoms Table 7 gives the relati\e trequenc} of 
\aiious S 3 mptoms occurring under these headings 

From this table we again see the striking preponderance of pain as 
a S 3 mptom but drau no turther diagnostic aid from it except as it 
can be linked up vith more specific S 3 mptoms 

Feier and loss ot weight are suggestiie of a tuberculous condition, 
particularl 3 if the fe^er is moderate and the temperature shovs an 
afternoon rise As has already been said the presence of ascites in 
a 30 ung person is ah^a^s suggestue of tuberculous peritonitis and ii 
this IS associated vith te^er and loss ot eight tlie eiidence becomes 
increasingl 3 strong A histor 3 ot chronic cough or hemopt 3 sis is impor- 
tant as a possible indication of pulmonar 3 imohement .k histon ot 
pleuriS3 was obtained in 20 and there was definite pulmonan in\ohe- 
ment in 40 of our cases 


Table 7 — SMitptoinalolog\ of fubcrcufous Pcntomtis 


1 General 


2 Digestive 

3 Gynecologic 


4 Unnarv 


Pain 

102 

Xau'ea and vomiting 51 

Irregular or mcrea'ed 


Dysuna 

01 

Per or 

142 

Xausea without vomiting 10 

utenne bleeding 

40 

Frequency 

•n 

Ixiss of rveicht 115 

Constipation 7S 

Amenorrhea complete 40 

Hematunn 

G 

\scites 


Diarrhea 13 

Scantr now 

25 



Congh 

4S 

Constipation and diar- 

l/eulorrhea 122 



Hemoptysis 

11 

rhea alternating 2 

I>ysrD€iiorrDea 

54 




The digestne S 3 mptoms, again, are tar from specific, and are such 
as ina 3 be found vith a rarieti of intra-abdominal conditions Kelh 
stressed constipation as occurring m one half of his patients and stated 
that 20 per cent complained ot pain on defecation These simptoms 
are easil 3 explainable on the basis of large peh ic masses exerting pres- 
sure on the rectum Sei ent 3 -eight patients in our series Mere troubled 
with constipation Diarrhea occurring alone as in 13 or alternating 
with constipation, as in 2 of our cases is more apt to occur when there 
is actual disease of the intestinal tract Nausea and aoiniting occur 
more frequentli in those cases in which there is a widespread dissemina- 
tion of the peritoneal process with extensile imohement of the upoer 
part of the abdomen In considering the digestne S 3 anptoms it must 
not be lost sight of that other diseases of the gastro-intestmal tract 
such as ulcer disease of the gallbladder or appendicitis mar be present 
simultaneoush with the tuberculous peritonitis and although as ha= 
been shown \aried and marked digestne srmptoms mar be pmduced 
hr this disease alone one should nercr tall into the error of -'s^nmnig 
without prom that all oi a patient s simptom- arc due to a single tvnrinn 
entitr 
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Menstiual distui bailees of one kind oi anothei aside fioin dysmenoi- 
ihea weie noted in 106 cases Forty of these patients had iriegulai 
or excessive uterine bleeding, which is of no great diagnostic aid since 
it IS a symptom of so many difteient pelvic disorders Howevei, a 
complete amenorihea in 40 patients and a scanty flow m 26 are moie 
woithy of note These should always lead one to look foi tubeiculosis, 
pai Ocularly tuberculosis of the genital oigans, since they aie symptoms 
which will result from a destructive process m eithei the ovaries oi 
the endometrium, but on the other hand may also lesult from an\ 
wasting, debilitating, s}fstemic disease Leukorihea occuiied in 122 
patients, but again this is a S 3 ^mptom common to many conditions On 
the other hand, a profuse leukorrhea when associated with amenoirhea 
IS suggestive 

Kelly stated that pain on urination is the most characteristic of 
all the symptoms and found only 3 of 20 patients free from it In oui 
senes not quite half the patients were troubled by this symptom, while 
only 41 complained of frequency We have found no adequate explana- 
tion for the frequency of these symptoms, but it seems logical to assume 
that, in the adhesive variety of peritonitis adhesions between the bladder 
and other viscera might easily account for eithei one oi both of them, 
while 111 the ascitic variety the pressuie of abdominal fluid on the bladder 
would naturally lead to frequency The presence of hematuria, which 
occurred in 6 of oui cases, should always aiouse a suspicion of renal 
tuberculosis, and in 2 of the 6 this lesion was actually demonstrated 

Owing to the diversity in the manifestations of the disease, clinical 
as well as pathologic, it is difficult to regaid any single symptomatic 
syndrome as definitely characteristic From our own experience, how- 
ever, we believe that the presence of abdominal swelling and distention, 
particularly if there is definite ascites and a history of pleurisy, asso- 
ciated with abdominal pain oi pelvic pain which is woi se at the menstrual 
periods, with a low grade fever, higher toward evening, and loss of 
weight, with some digestive symptoms especially constipation, and with 
dysuria or frequency, or both, constitute a syndrome which should 
strongly' arouse the clinician’s suspicion of peritoneal tuberculosis If in 
addition to these symptoms there is a menstrual disturbance, more 
particularly an amenorrhea or scanty flow combined with a pi of use 
leukorrhea, the evidence becomes very strong 

jMurphy stressed the fact that in the serous ascitic vai lety of the 
disease alternate remissions and exacerbations of symptoms are fic- 
quently observed He attributed the exacerbations to intermittent 
showers of tubercle bacilli thrown into the peritoneal cavity along w'lth 
caseous material extruded from the patent fimbriated ends of the tubes 
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This IS a phenomenon ^^ell A\ortIi noting in obsenmg the rhniral course 
of these patients, and it has already been stated that 7 of our patients 
uho gaie a history suggestne of a chronic course ^^ere admitted dunng 
such an acute exacerbation 

Signs — In addition to the subjectiAe S 3 mptoms complained of bi 
the patient the observations on physical examination particularl} those 
Teterable to the abdomen and pehns, were noted On abdominal exam- 
ination, tenderness was noted m 101, distention in S3 signs of free 
fluid in 53 and palpable masses m 42 patients Pehic examination 
revealed a variety of observations with various combinations Table 8 
giv es a list of the v arious signs noted w ith their frequencv 

It will be readilv seen from the list m table S that there is nothing 
specificall} to be made out from pelvic examination which can be con- 
sidered characteristic of the disease In rare cases tubercles were 


Table 8 — Obicr,^afions from PtTic Examination 


Bilatenl indurated ma«ses 

5^ 

Thickened vngmal will 

5 

PUvic adlie'non' and immobilitv 

o7 

Tubercte or nodules felt per rcttum 

3 

Pelvic tenderne'S 

K> 

Tubercles palpable per vaginam 

4 

Unilateral indurited mas'es 

25 

ilvomas 

c 

General pelvic induration 

24 

Thickened ureter* 

1 

Bulging mas.es in culdesac 

10 

Tagmal fecal fi=tula 

1 

Vlalpo'ition of uteru? 

13 

Tubercle hke nodules m cervix 

1 

Cisticmas'e' 

12 

Rectal stnetun. 

1 

Rcla\ed vaginal outlet 

12 

Pelnc exnmmatioD entirwh negaftvt 

10 

Induratevl or thickened tubes 

$ 




*■ Tears ago Leslie AT Sweetnam drew attention to the fact that a thickened ureter felt per 
•\aginim almost mvanab'^ indicates a tuberciiJoii** kidni\ (Per onal communication from 
Dr Ihomas S Cullen ) 


actuallv palpated b\ rectum or bv the vagina but the percentage ot 
cases in which this observation was noted is so small as to be of little 
significance The other observations were all such as might belong to 
a great varietv of pelvic conditions 

Puhnonaiy Tuhciculosis — On admission to the hospital 59 patients 
were suitering from a more or less active pulmonarv tuberculosis or 
had a historv of a recent pleurisv Postoperative pleurisv was a com- 
plication ot convalescence in 9 patients An operation was pertormed 
on all patients in whom pulmonarv activitv was not sufficienth marked 
to make a short anesthesia unjustifiable The final results m the cases 
that we have been able to follow up arc tabulated later, with a note 
a" to the presence or absence of active pulmonarv disease 

The longer one works over the records of this group of patients 
with peritoneal and pelvic tuberculosis, the more does it seem likclv 
that inO't ot these patients mav fairlv definitelv be coii'^idered as liavmtr 
had an original pulmonarv focus irom which all their trouble heea.i 
ictraidle-— oi whether or not it wa« demon^trateu durinir their «tav n 
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the hospital This is just an impiession one gains fiom obseiving the 
frequency with which an anesthetic stirs up an acute pleurisy, and the 
greatei fiequency with which active or old pulmonaiy disease is demon- 
strated in the more lecent cases, especially since the use of the roentgen 
lay as a diagnostic adjunct 

Tube] citlosis Elscwheie — ^Aside fiom the lungs, j^leuiae and peii- 
toneal cavity, tuberculosis was found elsewhere m only a few cases 
A definite tuberculous ceivical adenitis was demonstrated in only 4 
cases, though in a good many otheis theie was a positive statement as 
to the enlaigement of ceivical glands, the natuie of this enlargement, 
howevei, being uncertain Theie was involvement of the kidneys m 
2 cases, as shown at autopsy, aftei being diagnosed clinically by the 
piesence of bacilli m the urine In one of these a psoas abscess with 
involvement of the lumbai vertebiae was also found In one case the 
autopsy showed a tubeiculous otitis media and disseminated tubercles 
in the liver and spleen Three patients died of eithei miliaiy tubei- 
culosis or meningitis Autopsies weie obtained on all of these One 
had a generalised mihaiy disease with meningeal involvement, anothei 
meningitis without the wide dissemination and the thud a combination 
of the two All of these patients except the 4 with adenitis, belong in 
the acute, desperately ill gioup 

Diagnosis — The correct pieopeiative diagnosis was made and 
lecorded in the history m SO cases, or 27 pei cent In 115 instances 
tlie pieopeiatne diagnosis was not specifically mentioned, but theie 
can be little doubt from the desciiption that the condition was recog- 
nized in many of these In this gioup also aie the cases in which tubei- 
culosis was not lecognized, but an opeiation was pei foimed for myomata 
uteri, lepair of a heinia, appendicitis, malpositions of the uteius, ovarian 
c}sts and other conditions A large peicentagc was appaiently oper- 
ated on foi supposedly tubeiculous salpingitis, when diseased tubes 
had been felt on pelvic examination, but theie had been no clinical 
manifestations of the peiitoneal dissemination It is common for these 
patients to be in good physical condition, and this led to confusion in 
d few instances In 14 patients the preopciative diagnosis w'as specifi- 
cally stated as chronic salpingitis and the tuberculous nature w'as first 
discovered at operation 

The coriect diagnosis m the 50 cases was made most frequently m 
the patients with ascites .iiid abdominal tenderness and in whom a history 
of a recent pleuris} was obtainable, or pulmonary tuberculosis wvas 
demonstrable In some of the cases with a history of bleeding tuber- 
culosis was discoieied in the endometrium removed by cuiettage, and 
a laparotonn w is later performed In 2 instances tubercles were felt 
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on the peritoneal suriaces of the pehis on lectal examination, and in 
1 instance through a posterior colpotom}' uound In less ad\anced 
tubal cases the diagnosis uas suggested occasionally trom discrete 
nodules palpated along the course of the tubes In advanced tubal 
cases the peculiar matted feeling of the pehic viscera sometimes sug- 
gested tuberculosis 

The interpretation ot the rarious abdominal tumors occurring in 
this series shows that in onl} 1 instance was there an elongated mass 
m the epigastrium interpreted as rolled up tuberculous omentum 
detected before operation — a condition so frequent!} mentioned in the 
literature Localized accumulations of fluid were mistaken for oianan 
c}sts in 4 cases, and to explain the fixation in 1 case it was thought 
probable that the c}st was parovarian One patient with much tender- 
ness over the mass was thought to haie a cist with a twisted pedicle 
Carcinoma of the oi ar} w ith abdominal metastases w as the preoperative 
diagnosis m 3 of the patients past middle age 

Focus of Pentoiieal Infection, Tube) culoiis Salpingitis — In all but 
9 of the 94 cases in which one or both tubes were remmed tuberculosis 
w'as reported speaficall} in these structures The climcal and gross 
pathologic diagnosis was certain m these 9, but a supenmposed acute 
infection made the histologic diagnosis uncertain Therefore, in 85 
cases, or 45 per cent of the total series, tuberculosis of the tubes was 
pro\ed to be present, and probabl} was the original focus m the peri- 
toneal caMt} There were man\ interesting Aanations in this group 
An occasional abdomen presented more active and more marked tuber- 
culosis in the upper portion with small closed off tubes, which on section 
show ed a chronic process, suggesting that the peh ic process w as healed 
or m process ot healing while actnit} was still continuing in the upper 
part of the abdomen In one of these a dnerticulum of the large bowel 
was present m an area much affected and suspicion was directed to 
this as a tocus On section how ei er the tubes show ed a chronic tuber- 
culous process Similar cases were those with the appendix much 
m\olved but also with tuberculous tubes 

In at least 3 cases large tuberculous peritoneal cists were described 
with the open fimbriated extremities of one or both tubes opening into 
them 

There are two groups ot cases m which it ‘^eems impossible to tell 
whether the tubes are the original pehic tocus or not One group 
includes thoSe patients with an adianced and seicre peritoneal process 
m whom the tubes could not be seen during operation and m v horn 
all pehic structures were diseased The other is the disseminated ascitic 
t\pe oi case m which the patients hare a unitorm di=i.nh itioa Oi 
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tubeicles over tbe abdomen, or perhaps a more piomment distribution 
m the upper part of abdomen, and in whom the tubes were not removed 
As will be seen, theie weie a few, 6 to be exact, of the latter group 
in which an exploiatoi} laparotoni}'^ was fiist done and symptomatic 
tubal disease developed later, requiring a second opeiation It is certain, 
however, that this does not alwa 3 ^s happen 

Ttibei cnlosis of the Endomehmm — In 66 instances the endometiium 
was available for examination, either because a diagnostic curettage 
was done foi bleeding or because the uteius was removed Thiity- 
seven of these showed a tubeiciilous involvement of the tissue The 
association with symptomatic uteiine disorders in the 37 cases was as 
follows leukorrhea, 24, amenorihea, 20, metiorihagia, 2, menoi- 
rhagia, 7, while in 8 of the patients the periods had been noimal 

It is thus seen that leukorrhea is most commonly associated with 
tuberculosis of the endometrium Amenoiihea also occurs frequently 
but it would seem unwise to attiibute its piesence to the endometrial 
disease alone, for 5 of these patients had adianced pulmonar 3 tubei- 
culosis, and several had marked involvement of both ovaries with prob- 
able destruction of then function Infantilism of the genital organs, 
which is often stated in the literature as fiequently associated with 
tuberculosis of these oigans, was noted only once m this senes 

In the entire senes, 22 of 68 patients nith chnically active 
pulmonaiy, bone or uiinary tubeiculosis had had amenoirhea As a 
rule, this symptom accompanied the more advanced cases, and was often 
met with in patients who could not be operated on because of the extent 
of the pulmonary process We have proof in only 5 of these that the 
endometrium was tuberculous 

Pathologic Types — In 1903, Muiphy^^ duided the lesions of tubei- 
culous peritonitis into foui groups on a pathologic basis as follows 

I The Disseminated, Exudative, Miliary, Nonconfluent Serous 
(Ascitic) Variety The tubes in this group are usually patent and 
caseous material may be expressed from then lumma The pelvic peri- 
toneum bears the brunt of the infection, but the nhole peritoneal cavity 
may be involved Ascitic fluid, clear yellow, slightly sanguineous, oi 
a little cloudy, from a few ounces to large quantities, may be present 

II The Nodular Ulcerative or Perforative Variety, the Least Com- 
mon Type In this variety^ the whole force of the destructive piocess 
IS concentrated into small areas, and in these areas not only the peri- 
toneal coat but the deeper structures, as the intestinal wall, the mesenterv, 
uterus or ovaries, are destioy^ed or changed into caseous masses sur- 
rounded by’ dense connectne tissue barriers or adhesions The tubes 
are usualli closed or fixed at their fimbriated ends to the adjacent 


^ isccra 
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III The Adhesne, Fibroplastic, Cjstic, Partition or Obliteratne 
A'ariet} In man} cases this group represents the healing stages of 
the disseminated asatic ^arlety, but it has been pointed out that these 
adhesive larieties sometimes arise without preMOUs asates In this 
group occur the bizarre tumors of localized accumulations of fluid, rolled 
up omentum, etc The tubes are closed vith adnexal masses often 
present Fresh adhesions are fibrinous in character, the older cases 
present ^ err tough fibrous bands uniting contiguous structures 

lA' Tuberculous Peritonitis mth Alixed Infection A secondar}* 
intection ma} be superadded to cases belonging to an} of tlie preceding 
t}pes The colon bacillus is a common imader, and a localized or a 
fairl} general peritoneal infection ma} occur This group of patients 
presents the most severe and even desperate form of the disease, death 
trequentl} occurring as an immediate result ot the secondar} infection 
If surgical drainage is instituted promptl} some ma} h^e, but fistulas 
frequentl} follow the necessary use of drains 

Three ot the groups described b} Murpln (groups I, III and IV) 
are common and seem to us useful in helping to nsuahze the processes 
that take place vithin the abdomen, and in understanding the lanous 
manitestations of the disease We ha\e found classification of our 
cases according to this scheme practical m a large proportion ot them 
but when for vant of adequate description in the hospital record or 
because the abdomen vas not opened or could not be thoroughly 
explored, the group is in doubt, we ha\e omitted such cases (25 in our 
senes) from the classification 

AA e liaA e tabulated 42 cases as fairl} clearl} belonging to Alurph} ’s 
group I, but it must be made plain that, although m the hospital histones 
explicit notes were not made in all cases as to the patenc} of the tubes 
no large masses were found m the pehis Classification was possible 
in such cases on the basis of general dissemination ot tubercles and 
the presence of ascites AA’e ha^e frequenth an o\erlapping of the 
simple ascitic cases (group I) with those of group III in which pehic 
masses ln^e formed and the abdomen is being obliterated or partitioned 
oft b} adhesions In fulh half a dozen cases this change was nice!} 
exemplified at operations a few months or a ^ear or so apart, a case 
which had appeared as belonging to the simple ascitic larieta at the 
first operation presenting the features of an adiiesn e or c\ stic partition 
\arieti at the second 

Xone of the patients with the simple ascitic aariet} died in the 
hospital There did not seem to be a tendcnc} tor the fluid to reac- 
cumulate to an extent sufficient to make further surgic"!! procedures 
imperatne Ot the 42 patients 5 died of pulmonari tuberculosis within 
fi\e \cars after lca\ing the hospital Twcnt\ are liMug and i eh -’nd 
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the remaining 17 could not be tiaced The opeiation most frequently 
performed m this group was a simple exploratory laparotomy with 
evacuation of the ascites and removal of a bit of tissue foi pathologic 
confirmation of the clinical diagnosis 

We have put none of our cases m Muiphy’s gioup II, because we 
could never feel sure that any of them coincided with his idea of the 
nodular ulcerative variety Howevei, we think that if some of the 
severe generally disseminated cases that we have placed m groups III 
and IV could have been seen at an eailiei stage, they probably would 
have fallen into this gioup 

To group III, the fibroplastic variety, we have assigned 108 cases 
The most frequent type m this group was found to be that m which 
there were adnexal masses and a dissemination of tubercles In a few 
there was generalized ascites and in many there were localized accumula- 
tions of fluid The most chai actenstic obseivation was wide-spiead 


Tabu 9 — Ticatmcnt of 187 PaUcnts with Tuberculous PciitomUs 
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abdominal adhesions In general these weie cases of longer standing 
than those in group I, and the clinical course was more apt to be of a 
chronic, sometimes even of a latent, nature The operation most fre- 
quently performed was icmoval of the diseased pelvic structures when 
possible, otherwise an exploratory laparotomy with evacuation of the 
cystic accumulations of the fluid w'^as earned out 

Six of the patients belonging to this group died m the hospital, 1 of 
shock, 2 of intestinal obstruction, 1 of acute secondary peritonitis, 1 
of generalized tubeiculosis and 1 of pulmonaiy embolus We have 
been able to trace 21 patients from this group who are still living In 
most of these the pehic focus was entirely removed, but 1 is living 
after thirty-five years in whom the pelvic masses w^cre so extensive 
that it seemed unwise to attempt to remove them 

We have 12 cases in the secondarily infected group (IV) The 
patients w'cre all desperately' ill and operation was undertaken only as 
a last resort They all died in the hospital either as an immediate result 
of the preexisting infection or from fistula formation and inanition 
following surgical drainage 
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It must again be repeated that because of o^erlappmg of disease 
t3pes, confusion in the records and other reasons these figures are all 
nnh approximations 

T)catincnf — The treatment of 187 patients with tuberculous peri- 
tonitis is gn^en in table 9 All but 17 of these women were operated 
on For 170 patients, we liaie 185 operations The table represents 
operations not patients 

No Operation Se%enteen patients were not operated on The 
diagnosis of tuberculous peritonitis m these, however, seems clear 
because ot the combination ot unmistakable signs ot pulmonari and 
abdominal tuberculosis All but 2 had adianced pulmonari tuber- 
culosis or acute pleuns} and were transferred to the medical senice 
of the hospital or to sanatormms tor treatment The remaining 2 had 
advanced renal tuberculosis at the time ot their admission or prei loiish 
Five died in the hospital, 3 ot adianced pulmonaiw and generalized 
tuberculosis, 1 of hemorrhage from the intestinal tract and 1 of advanced 
renal tuberculosis 

Twehe left the hospital Onh 2 are known to be Ining todai One 
(eight lears after discharge) is m good health so far as we can ascer- 
tain Another is Ining after three 3 ears, practicalh all spent m a 
sanatorium, but is not well, although the abdominal S3mptoms ha^e 
disappeared, and there are no masses palpable on pehic examination 
^\'e know that 2 died from adianced pulmonar3 tuberculosis within a 
3 ear atter leaving the hospital Eight could not be traced 

Posterior Colpotomi Tins operation was performed one or more 
times on 12 patients foi accumulations of fluid or pus m the culdesac 
All of these patients except 1 were submitted to an abdominal operation 
Section had been performed six months and nine 3 ears preiioush in 
2 cases, was performed at the time of the posterior colpotom3 in 
another, the remainder following posterior colpotomi from one month 
to a 3 ear In the patient who did not come to abdominal section 
the diagnosis was made from the shotlike tubercles palpable o\er the 
peiitoneal sui faces in the pehis at the time ot the posterior \agmal 
puncture 

Fuc died in the hospital lollowmg abdominal section Four died 
ot fistula formation and inanition One died of a colon peritonitis 
Simple exploratori laparotomi and drainage were done in -t ot those 
who died In the other both tubes were remoicd 

Se\en lett the hospital Of these 4 had undergone a complete 
operation In 2 an exploratory laparotomi had been jierfnrmed In 1 
case no secondars operation was done Three are lumg and well 
after complete operations Four cannot be traced 
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Closure of Fistulas Four patients with tuberculous peritonitis 
were operated on foi chionic fecal or urinaiy fistulas, having pieviously 
had 1 or more operations elsewheie Two were cured, 1 was impioved 
and 1 died after a resection of a portion of the terminal ileum 

After abdominal drainage for secondary infection, two patients 
developed fistulas In closing one of these it was necessaiy to resect 
the cecum Both patients died 

Exploratory Lapaiotomy Simple exploratory laparotomy with 
excision of tissue was peifoimed 73 times foi one or more of the 
following reasons (1) for drainage m despeiately ill, secondaiily 
infected patients, or to evacuate an ascites, (2) when remo'val of large 
pelvic masses seemed hazardous, (3) wdien the tubes looked patent 
and It was wished to pieserve the child-bearing function if possible, 
(4) by choice — to prove the therapeutic lesnlt of simply opening the 
abdomen 

Six of these patients had tindeigone a posteiior colpotom} one oi 
more times before the abdomen was opened The punctures w'^eie done 
for pelvic accumulations of pus in 4 cases, m all of which the outcome 
was eventually fatal Two weie done for accumulations of clear fluid 
m the culdesac 

Diainage was employed m 25 cases Eight of the patients w’^eie 
desperately ill from secondary infections In 17 there was no obvious 
secondary infection In the 25 are included the earlier cases of the 
hospital when drainage w'as employed as a loutine measuie Sufficient 
commentary on the question ot drainage is supplied by the fact that 
at the present time diains are never employed in tuberculous cases 
except when necessary for secondary infection oi to control bleeding 
When drains are used, the immediate postoperative course is apt to be 
more difficult, incisions break dorvn oftener with danger of hernia oi 
fistulas develop Thirteen of the 25 cases, in which drains were used, 
were complicated In 6, draining sinuses persisted for a long time 
The remaining 12 seem to have been uncomplicated as far as can be 
gathered from the hospital records 

Eleven of these 73 patients died in the hospital Eight weie 
desperately ill when admitted, suftenng from the secondarily infected 
\ariet\ oi the disease, and died of infection or of fistula formation and 
inanition One died of shock, 1 of intestinal obstruction and another 
of peritonitis following accidental perforation of the adherent small 
bowel during the posterior colpotom} 

The remaining 62 left the hospital well or improved Seien are 
know n to ha^ e undergone subsequent operations Five did not get w ell 
until the tubes were remo\cd One of these had no trouble for eight 
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}ears, but final!} underwent a salpingectom} nine }ears alter the 
explorator} laparotom} In 4 of the 5 the tubes looked normal at the 
time ot the original operation, but were considerabl} im oh ed at 
the time ot remoi al One patient was submitted to a complete operation 
tuo }ears after the explorator} laparotom\ In 1 case tuo pehnc 
punctures uere pertormed iMthin six montlis alter the exploratory 
laparotom} 

Four ot the patients uho left the hospital are dead Tuo died of 
pulmonary tuberculosis u ithin tu o years One died of intestinal obstruc- 
tion tuent}-seren }ears alter operation The cause of death in the 
toiirth, nineteen }ears alter operation, is unknown 

Fitteen are Ining and well from eighteen months to thirt}-fiie }ears 
alter operation In onh 3 of these was gross tubal invohement found 
at the time of operation In the others the disease was of the discrete 
disseminated lariet} with patent tubes and ascites None haie become 
pregnant 

Fort! -three could not be traced 

Consenatne Surgical Intenention Twent} -eight patients were 
submitted to various forms ot conseriatne pehic surgical intenention 
Both tubes w'ere remoied m all except 6 cases in which one tube was 
lett 01 plastic work was pertormed The tubes were removed following 
explorator} laparotom} in 4 cases The} had appeared normal at the 
original operation and were not thought to be the focus of the tuber- 
culous mtection Drainage was emplo}ed m 5 Two of these are 
recorded as acquiring persistent sinuses The other 3 in 2 of which 
pehic drains w'ere used, suftered from no complications 

One of the 2S died in the hospital, a patient w ith a se\ ere secondar\ 
infection on wdiom a laparotom} was pertormed following posterior 
colpotom} Tweiitv-scAen lett the hospital Three were operated on 
again later Two underwent complete operations because of continued 
se^cle pain The third had painful adhesions which were released 
\ tourth six months alter plastic work on the tubes had been adM«ed 
to h^^e another operation because of persistent S}mptoms 

Four of the 27 are dead One died of pulmonara tuberculosis within 
a \car Another died of pulinonar} embolus following cholect stectom^ 
lour a ears after salplngectom^ The cause ot death in the other 2 is 
unknown — nine and two ^ears after operation Seten are Ining and 
well lioni 1 to 30 a cars alter operation rittecn cannot be traced 
Complete Operation Both tubes and oaarics were remotcd in 66 
ta-'C' These represent as a rule the se\crer lorms ot the disease for 
l■l^a^es were saaed wlienc\er possible In all but a few of these patients 
the nterns was also remo\cd Panin stcrectnnw was perromied 10 
tmus siipracagnial In stcrectom\ times 
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Foul operations with leinoval of all the internal geneiatne oigans 
tollowed one or more posterioi colpotomies So far as we can ascei- 
tam, the complete operation was done attei pieiious conseivative 
suigical intei\'ention m only 2 cases — both for continued severe 
dysmenorrhea — and in only 1 case following an exploiatoiy laparotoinj 

Drainage was employed in 34 of these operations Pelvic diains 
were employed in 25 cases and abdominal drains alone oi combined 
with the pelvic diains m 12 cases Wound infection, sinuses or fistulas 
occuired in 8 cases A high postoperatn’'e fevei iias also noted in some 
In the 32 cases in which drainage was not peifoimed, vound infection 
sinuses or fistulas are recorded only foiii times Of couise, it was 
only in the worse cases that drainage was instituted, in some aftei 
accidental injury to the rectum Five of these patients died in the 
hospital, the causes being generalized tubeiculosis 2, pulmonary 
embolus, 1 , secondary peritonitis in a diabetic patient 1 and intestinal 
obstruction, 1 

Sixtj-one left the hospital well oi impioved In 2 a second lapa- 
rotom\ was done later for release of adhesions In 1 case a postenoi 
colpotomy was performed later foi an accumulation of fluid in the 
pelvis 

We know that 8 died from 1 month to five years alter opeiation, 
and in 4 cases we have definite knowledge that the death was due to 
pulmonary tuberculosis Twenty aie alive and well fiom a few months 
to thiity-foui years after operation Thiit}-thiee cannot be tiaced 

RESULTS 

Befoie beginning a tabulation of the results, a brief comment inav 
be made on the difficulties that we have encounteied in tracing the sub- 
sequent course of the patients after their dischaige from the hospital 
It will be seen by reference to table 9 that 104 of the 187 patients aie 
untraced, but wdien we considei that oui statistics extend over a period 
of that} -eight years and that 90 of our patients were negroes and 
manv of the w hites ivere from among the foreign element, the difficulties 
in tracing them become obvious This part of the w'oik has been 
diligently pursued over a period of more than two rears, and evcrv 
arailable means has been employed to tiace the patients, so that the 
failure to find 104 of them is rather disappointing Letters w'ere first 
sent to erer) possible address obtained from tlie ward and dispensarj 
records of the patients After these letters had been returned, an 
attempt was made personally to seek out the patients who had gnen 
Baltimore addresses This method was cffectne in collecting data on 
a few additional cases but in mam it was found that the district iiad 
been absorbed br industrial expansion In other cases addresses were 
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found to be those of boat ding houses at which out-of-town patients weie 
slaying wlien admitted to the hospital This method is often adopted 
by ccitain coloied patients fiom othei stales in an attempt to secuie free 
admission We feel, thcicfoie, that though the icsults obtained aic 
disappointing, the facts that we have been able to collect are piobably 
flom the moie intelligent of the sciies and thciefoie piobably of as 
much value as fiom a laigei gioup 

Died m the Hospital — Twenty-six patients died in the hospital 
Five of these weie not opeiated on The opeiative mortality rate is 
then 11 3 pci cent The majoi causes of death in the patients opeiated 
on aic as follows (1) fecal fistula and inanition with slow down hill 
postopcialive couise, 5, (2) heavy secondaiy peiitoneal infection with 
shoitei postopeiative couise, 7, (3) geneialip-ed tubeiculosis, 4, (4) 
intestinal obstuiction, 2, (5) piimaiy renal tubeiculosis, uiemia, 1, 
(6) shock, 1, and (7) pulmonaiy embolus, 1 


Iaiiii 11 — Types of Opci ations and Absence of Pnimonai v Actwilv ni 
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It is icali/cd that the fiist thicc causes ot death ovcilap to a great 
extent, paiticulaily in that in many of the patients with a secondaiily 
infected type diainagc was instituted judiciously with immediate 
impiovcment, the patients dying lalei of fistula foimation and inanition 
Ihe five patients not opeiated on died of (1) gcnciali/cd tubei- 
culosis 3, (2) intestinal heinoiihagc, 1, (3) piiinaiv icnal and gcneial- 
i/cd tubeiculosis, 1 

Table 10 shows the Upc of disease, type of opciation and c.uise of 
death m the 26 patients who died m the hospital 

\\ c have succeeded in tiacing 65 of 161 patients discharged fiom 
the hospital Eighteen of these died in from one month to tventj- 
seven }cars aftei leaMiig the hospital Most of the deaths were fiom 
pulmonary tuberculosis within the fust five lears after discharge The 
patient who lued for twent) -seven }ears died of intestinal obstruction 
The patients vho died of pulmonary tuberculosis within the first year 
aftci disehargc were as a lulc tiiosc who had showed actnit\ of tin 
pulmonin process while m the hospital 
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Foity-seven aie living, and it is a fact woith noting that these 
patients almost unifoimly leport themselves as very well, no matter what 
the opeiation oi type of disease There have been no pregnancies in 
any of the patients whom we have been able to follow up 

The types of opeiations performed and the presence or absence of 
pulmonary activity in these two groups are summarized in table 11 
It will be seen fiom table 11 that 11 of the 18 patients who hare 
died since leaving the hospital had definite or questionable pulmonary 


Taple 13 — Individual Results m Patients Who Died Aftci Leaving Hospital 
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activity dining then stay in the hospital, while only 12 of the 47 who 
are still living showed such activity 

Tables 12 and 13 present the individual results in these two gioups 
of cases, showing at the same time the type of disease, the type of 
operation and the piesence oi absence of pulmonary activity 

CONCLUSIONS 

In thus icviewing the statistical data of 187 patients with tuber- 
culous peritonitis treated on the Gynecological Service of the John 
Hopkins Hospital, we have been able to reach the followung conclusions 

1 The incidence has been small as compared with other statistics 
gathered from the literature 

2 The incidence has been moie than twice as great among colored 
as among white patients 
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3 There has been a decided decline in incidence during the period 
under consideration, irom 1889 to 1927 This has been more unitorm 
and striking in the r\hite than in the colored race 

4 The disease is most common among } oung adults m the second 
third and fourth decades ot hte 

5 There is no striking etiologic relationship betr\een pregnancr 
and tuberculous peritonitis to be denred trom our series 

6 The disease mar present all possible \ariations in the serentr ot 
its clinical manifestations but m the majontr of cases it runs a chronic 
course 

7 Pam is the most constant ot all sjmptoms ascites the most 
suggestne of all signs 

8 Actue ptilmonar} tuberculosis is frequenth present betore or 
alter an anesthetic m tuberculous peritonitis (39 per cent) Healed 
lesions of some extent are found particular!} trequenth since the adrent 
ot the roentgen rar as a diagnostic adjunct 

9 Actue puhnonarr imohement while in the hospital serioush 
affects the prognosis during the first fire }ears alter operation 

10 All of the tubes remored trom patients rrith tuberculous perito- 
nitis shorred tuberculosis ot the endosalpinx Indiridual records 
support the contention that in the adult temale the tubes are usuallr the 
primarr abdominal tocus of the peritoneal disease 

11 Tuberculosis ot the endometrium occurred in about half ot tlie 
cases in rrliich it rras examined but these as a rule were cases in rrhich 
the disease rras rerr extensire Leukorrhea and amenorrhea are tre- 
quentlr associated rrith inrolrement of the endometrium bat other 
causes such as extensire pulinonarr disease or destruction of the oraries 
are otten present to account for the amenorrhea 

12 In the ascitic disseminated trpe of tuberculous peritonitis the 
patient is usuallr treated br exploratorr laparotomr rrith eracuation Oi 
the fluid Patients rrith this trpe of the disease usual!} die onir ot 
pulinonarr inr olr ement ith treatment in a good sanatorium the 
prognosis is excellent 

13 Patients rrith the adhesire er:?tic rarietr and pelric masses arc 
treated hr remoral ot the diseased adnexae it possible if not br 
exploratorr lapaiotomr The proqiio'-is is qood it the tubes are com- 
plctelr extirpated Pulnionarr tubcrculO'is is the menace in the ca-c- 
oi shorter duration 

14 In the secondarilr iniected group the p-itie its ire de-p^r tt Ir 
ill Surgical drainage is nece^s-irr to prolong iiie but is undert en 
oiilr as a list resort Death lollor s bicr trom fistulas r’ itli rc= umg 
m''iiitioii jiulmon'’''r tubc’"sulo'i-- r<> being a nt lO- 
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infection occuis usuall) only in those suffenng fiom a very old, 
advanced peiitoneal tubeiculosis, and who would piobably have alieady 
succumbed had theie been much pulmonaiy activitj 

15 With the modem methods of anesthesia available, ethylene 
anesthesia should be employed in prefeience to ethei, since pulmonaiv 
involvement has been shown to be a fiequent factoi 

16 Operation should be followed by piolonged caie m a sanatoiium 
whenevei possible 
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PROSTATE GLAND 

Hypci fi opliy — Cammidge stated that diabetes is paiticularlj likeh'- 
to develop during middle lite In a consecuti\e series ot 850 cases 
495 patients (58 per cent) were aged 41 jears or more when sugar was 
discoiered m the urine Although hjpertrophy of the prostate gland 
IS a later manifestation ot senescence than diabetes the approximation 
ot the age of maximal onset makes it likeh that one ma\ be a com- 
plication of the other 

^lan}' operations may be pertormed on patients with diabetes witli 
no more than a^erage risk, provided careful and propei preoperative 
and postoperative tieatment is given In order to prevent diabetic 
coma It IS necessaiv to eliminate troin the bodv, as completelv as pos- 
sible the source of the intermediate toxic products ot metabolism giv- 
ing rise to the condition, to increase the power of the tissues to store 
md utilize carbohvdrate to a maximal extent and to suppiv eisiiv 
digested and absorbed carboh 3 drate in sufficient quantitv tor the needs 
ot the organism The first requirement mav be met bv limiting the 
intake ot protein and reducing the fat of the diet to a minimum The 
second lequirement is partiallv tulfilled at the same time tor an excc'^ 
ot lat intertercs with the storage and utilization ot carbohvdrate as 
well as being a potential source ot toxic derivative^ in diabetic patient'; 

1 here is rarelv sufficient improvement m carbohvdrate storage and utili- 
zation bi ought about bv dieting alone so that 'urgical treatment e-’ii 
be c lined out ind it i« best to increase the patient - own power- arti- 
lienllv bv giving iiisulm lor a short period at le'-t beinre and '■ut.r the 

'0 Canmidsrc P T Pro at<.cton m Diab-tic P" ' T Lro! 1 2-s joni 
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operation With the help of insulin, it is possible to increase the stoiage 
capacity to any desiied extent, and, if necessau, the whole of the energ} 
lequirements of the body can also be supplied temporal ily by dextrose 
Because many eldeily diabetic patients aie unusually fat, paiticulai 
caie must be taken in piepanng them for opeiation A moie prolonged 
peiiod of careful dieting is lequiied in order that the suiplus fat may 
be removed and the weight may be i educed to at least the aveiage level 
and preferably a little below The piepaiation of the patient Avith 
ad-vanced diabetes, whose poweis of carbohydrate, fat and protein 
metabolism are seriously deficient presents anothei difficult problem 
The patient must be regarded primarily as diabetic, and surgical pro- 
cedures should not be undertaken until metabolic defects are thorough^ 
undei control Usually two or three months’ tieatment with diet and 
insulin are required If he responds as he should to this tieatment, 
there is a possibility’- that when the prostatectomy has been earned out 
successfully further improvement in metabolism may follow In one 
of Cammidge’s cases the urine was kept sugar-fiee onty by two daily 
doses of insulin of 20 units before the operation, but af tern aid it was 
found possible to reduce the dose gradually, and eventually the mine 
lemamed free from sugar, and the blood sugar ranged within normal 
limits, on the same diet without any insulin 

There should be as brief a period of anesthesia as possible for opei- 
ations on diabetic patients, and a two-stage operation with an intenal 
between for lecovery, is usually’- better than prostatectomy earned out 
at one time All anesthetics appear to dimmish the alkalinity of the 
blood and to increase the sugar content, but there is a considerable dif- 
ference m the extent of the changes produced by vaiious anesthetics 
Chloioform is the most dangerous and should not be administered to 
such patients under any circumstances, ether is less harmful, but gas 
and oxygen or spinal anesthesia is best 

A diet free from fat should be the invaiiable lule for at least three 
oi four days after the operation When this dangerous period has 
been safely passed, greater vaiiance may be permitted gradually 
although m the two-stage operation the amount of fat allowed in the 
interval should be strictly limited Carbohydrate, including the alloiv- 
ance of dextrose and fruit juice, should constitute the bulk of the diet 
and sufficient insulin should be gnen to maintain the blood sugar as 
nearly'^ as possible within the normal range Acidosis discovered at an 
early stage can usually be controlled by' making suitable alterations in 
the diet and cautiously administering alkalis by mouth It is generaih 
bettei to commence the treatment with an intravenous injection of about 
1 liter ot warm, 10 per cent solution of dextrose given at a rate not 
exceeding from 200 to 300 cc each hour with 10 units of insulin sub" 
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cutaneoiish at once and at hourh inteoals aiterward until Irom 30 to 
40 units ha^e been administered 

Der oting a few da\ s or w eeks to the preparation ot a diabetic patient 
ma\ ultimatel} make the difterence between success and failure ot the 
opei ation 

Harris has successfulh performed his operation ot complete 
closure without mortality in 84 ot 92 consecutne prostatectomies for 
benign prostatic hrpertroph} during a period of eighteen months 

Hams used the tollowmg operatne technic A transierse incision 
trom 5 to 7 5 cm long is made through the skin and tat 2 5 cm abo^e 
the top of the s) mphi sis pubis or about 3 5 cm abor e it onh prelim- 
mar) cr stotoni} is intended The bladder is picked up w ith tissue 
torceps and opened and the peritoneum is reflected to its topmost part 
The mtra-urethral method of bimanual enucleation ot the prostate 
gland is earned out and the gland is remo\ed Electricalh -lighted 
bladder retractors are then inserted 

For retormation oi the floor of the prostatic uretlira a tnangulai 
flap ot trigonal tissue is drawn down into the prostatic ca\iti and 
sutured to the posterior portion of the floor ot tlie canU as close as 
possible to and often picking up the torn edge ot tlie prostatic inethia 
A long pair ot angular ring forceps is passed into the prostatic ca\it\ 
to pick up the capsule at a point low on the posterior wall ith slight 
ti action this is easih brought into mcw in most cases A speaal needle 
IS then passed deepK trom abo\e downward b\ means ot a special needle 
holder, this enters the mucosa from 0 83 to 1 25 cm behind the prostatic 
run and emerges deep m the prostatic caMt\ haring either passed 
deeph to or transfixed the tissue prerioush caught up br the ring for- 
ceps The needle is then rotated upward br compression ot the handle 
ot tlie holder and emerges from the prostatic caritr into the bladder 
where a loop of catgut is placed in its slot b\ a special carrier The 
spring IS released and the needle retraces its track armed with the cat- 
gut \\'hen this is tied a tongue-shaped flap ot trigone is drawn down 
into the caritr the horizontal trigonal ‘^helf being con\erted into a more 
or less ^ertlcal gutter 

For obliteration of the prostatic ca\iti two or three anterior trans- 
eerse sutures of catgut are used traeersmg the prostatic caMt\ deeph 
lioin side to side The first stitch passes deeph in the jilane of a 
tangent to the foremost part ot the prostatic ring penetrating the 
mucosa well out on each side taking as large a bite as the needle v il! 
hold and nict '^kiinming the floor ot the pro=tatic caein in tin. cienth- 
1 his ^titch I"; drawn tight and tied and Us ends held lant while lUe 

40 HTri' '' H 'si pnp Jiic Pro a ci iii\ \\i n C i - I 1."' 

1 24S text 
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second stitch is passed paiallel to the fiist and about 1 cm faither back 
A rubbei cathetei is then passed through the urcthia into the bladdei 
The tip of the cathetei is diawn up out of the bladdei and its eye trans- 
fixed by a needle aimed with a length of silkwoim gut This is used 
to tethei the catheter to a glass rod laid along the fiont of the abdominal 
incision 

To close the incision in the bladder one sutuie only of number 3 plain 
catgut IS geneially used It is of an extended figuie-8 type with three 
loops The needle first penetiates the aponeuiosis and lectus muscle at 
the lowei angle of the wound on the left side, ciosses ovei to the oppo- 
site side and picks up a good bite of the muscle of the bladder about 
2 cm external to the incision in the bladdei It then crosses back to the 
left side, and, leturmng to the right, picks up the edges of the incision, 
either just missing oi just picking up the mucosa It is then again cai- 
iied back and picks up the muscle of the bladder on the left side about 
2 cm external to the incision Finally, it ciosses again to the right and 
penetrates the rectus muscle and aponeuiosis fioni within outward 
When this suture is drawn tight the cut edges of the incision of the 
bladder aie bi ought into close apposition and inverted 2 cm into the 
bladder, the muscular wall of which is fixed snugly to the abdominal 
parietes, so that the space of Retzius is obliteiated and dead spaces are 
not left 

Convalescence is simple and the patient sufteis little disturbance 
Iingation of the bladdei is not practiced, only enough fluid being" 
injected, when necessary, to free the catheter of clots The catheter is 
retained in position until the tenth day Usually there is no leakage of 
urine through the wound during this peiiod, and the original dressings 
lemain until the fifth day 

Wildbolz"*^ desciibed his technic of peiineal prostatectomy, which 
differs fiom other peimeal methods by the pieseivation of the external 
sphinctei Onlj^ a minimal part of the membranous urethia is exposed 
and the prostatic capsule is opened about 1 to 2 cm below the apex of 
the prostate gland Suturing lietween the bladdei and urethra, as well 
as the closing of the prostatic capsule, reestablishes the integrity of all 
the structures Wildbolz did not observe continuous incontinence in 340 
perineal piostatectomies, and onlj'- m 3 5 pei cent was theie any weak- 
ness of the bladdei for a period of weeks oi months There were nine 
lectal fistulas, which closed spontaneously or by secondary operation 
The mortality late vas 6 pei cent, 74 per cent of the operative wounds 
healed within fourteen days and 17 per cent within three ueeks 

41 Wildbolz, H Die Technik der penmealen Prostatektomie und ihrc kli- 
nischen Erfolge VIII Tagung der Deutschen Gcsellschaft fur Urologie, Ztschr 
f urol Chir 26 312, 1929 
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[Compilers Note — ^^Ylldbolz is a strong adrocate of perineal 
prostatectoni} His technic differs somew hat from Young s. m the man- 
ner ot dealing ith the membranous urethra and of opening the prostatic 
capsule Preserration of the external sphincter is his chief aim Yhidbolz 
gues as one of his mam reasons for choosing the perineal route the 
excellent opportuniti afforded for radical prostatectom} uhen mahg- 
nanc} is unexpectedb encountered in a gland Inch has been diagnosed 
as benign ] 

Chute stated that he prefers the tu o-stage suprapubic prostatec- 
toim in the majonti of cases of prostatic obstruction, but expressed the 
belief that the perineal route is the best for remoi mg small fibrous pros- 
tate glands, most malignant glands, and a large proportion ot h\per- 
trophic glands in obese men 

At the time of performing the first stage. Chute usuall} performs 
double bilateral lasotoni} The second stage is performed at iar3ing 
periods of from ten da\s to manj weeks or eien months later, depending 
mainl} on the condition of the patient s kidnei s and heart Spinal anes- 
thesia is emploied for the second stage m most cases because of its 
safety 

The tw'O-stage opeiation has three definite adiantages oier the one- 
stage suprapubic prostatectomy, especialK m case of a poor risk It 
affords better opportunit} for preparation of the patient as regards 
the kidnei s , it diminishes the amount of hemorrhage encountered at the 
time of enucleation, and it minimizes the sepsis and sloughing of the 
suprapubic w'ound and perivesical tissues Preliminarv drainage afforded 
bi the two-stage operation not onh permits the kidney's that hare been 
affected bj^ back-pressuie to readjust themsehes to proper function but 
lessens the congestion of the prostate gland and the outlet of the bladder 
in this war diminishing the tendencr to bleeding at tbe time the gland 
lb enucleated 

Cai cinoma — Zinner ■*“ stated that rrith the characteristic rectal surns 
ot prostatic carcinoma a distinction must be made trom prostatic calculi 
b\ roentgenograms and from prostatitis br the intramuscular injections 
ot a nonspecific milk preparation f sterile milk in ampules) If metasta- 
bib is not present the relation of the carcinoma to the rectal mucou« 
membrane should be determined It the latter is inorable a radiixil 
operation mar be undertaken Can ring out this principle hr means ot 
eomplctc prostatectomr and resection of the tritrone he obtained i;ooo 

42 ChulL \ L Certain \d\antan.« ot the Two ''tasi, sup— 
teitonis Xcw Fnclaml T ^^cd 200 1075 I'lZn 

4i Zinncr \ rwitrae nir o,Krati\<.n liurapc dc' l’rncta‘aca-c ’ tv i \ m 
T icnm <ier Dttit'ciicp fit tU'i.! ai nrr t rul e t /i cn'" i t i-t Ci - 26 112 

pl’O 
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results in 3 cases One patient was free fiom recurrences for foui 
years, then death occuired from mteicurient disease Another patient 
lived two and a half years without S3''mptoms, and a third patient lived 
one and a half yeais with local recun ence 

Cases in which the lectal mucous membrane is fixed are not amenable 
to radical operation In such cases loentgen lays or radium inaj be 
tiled Results fiom the latter have not been satisfactory In only a 
fourth of the cases is the length of life piolonged 

Hunt^"* stated that caicmoma within the substance of the prostate 
gland IS difficult to recognize, and it may be suspected on clinical exam- 
ination only when it is neai the capsule and uiethral surfaces of the 
gland Since all piostatic tissue is not removed in the operation for 
benign piostatic disease, it is possible for an entnely benign adenomat- 
ous piocess to be lemoied, leaving tissue in which carcinoma may 
develop subsequently 

Foui cases are cited by Hunt in which carcinoma developed in the 
piostate gland after pi ostatectomy In one case carcinoma developed 
eighteen years atter pi ostatectomy for benign adenomatous hypertrophy, 
and the time between prostatectomy and neciopsy was sufficiently long 
to eliminate the possibility of malignant tissue having been left behind 
at the time of pi ostatectomy Reexamination of the specimen from the 
first opeiation, which had been pieserved foi eighteen years, showed 
It to be entirely benign In a second case evidence of malignancy 
appeared two years aftei pi ostatectomy Although the final microscopic 
sections in this case were not available, digital examination and the 
1 oentgenographic demonstration of metastasis to the bones of the pelvis 
and lumbar spine indicated the presence of malignancy In the third 
case evidence of malignancy appeared about six months after prostat- 
ectomy One patient died seveial days after lemoval of the prostate 
gland, and at neciopsy a small carcinoma was found in the piostatic 
capsule In this instance definitely encapsulated, benign adenomatous 
hypertrophied tissue was present in association with carcinoma The 
gland was readil}' enucleated, and on careful section failed to show any 
evidence of a malignant condition 

In these four cases only the first properly may be consideied as a 
true example of a malignant growth developing subsequent to prostat- 
ectomy for benign disease The otheis are probably cases in which the 
malignant condition was present but was not removed at the time ot 
prostatectomy 

44 Hunt, r C Carcinoma of the Prostate Ghnd and Prostatic Capsule 
Developing: Subsequent to Prostatectomy for Benign Prostatic Hypertrophy, J 
Urol 22 351, 1929 
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Bugbee repoited 6 cases m winch small carcinomas were tound 
m the lateral and median lobes of the prostate gland and in which the 
condition w'as diagnosed onh on microscopic section after remoral A 
careful examination ot all prostate glands may make it possible to 
detect small suspicious areas, indicating prostatectom} m some cases m 
which otherwuse palhatire measures might be continued Retention 
which occurs suddenlj m the presence of comparatn el} mild unnarr 
s} mptoms ma} suggest malignanc} Prostatectomy mar be carried out 
as easil}' in these cases as in simple hypertroph} Preliminarr supra- 
pubic drainage, allowung edema and infection to subside, is an adran- 
tage There is evidence that the small amount of trauma incident to 
the removal of these prostate glands has caused a squeezing out of 
carcinoma cells into the l}Tnphatics and a consequent spread of disease 
Infections — IMitchell and Von Lackum stated that it is now esti- 
mated that approximateh 60 per cent of the cases ot prostatitis are non- 
gonorrheal m origin 

In male patients aged 50 rears or more, with the usual degree ot 
senile prostatic enlargement, eight or ten pus cells in each high-power 
microscopic field may be present but are of no clinical significance 
Unsatisfactor} results ot radical treatment of h}pertrophy of the pros- 
tate gland and associated inflammator} prostatic bar obstruction hare 
shown that, even in advanced }ears, prostatic infection sometimes has 
a more important bearing on unnar} obstruction than adenomatous 
enlargement of the gland Frequently in elderlr men, with nocturia as 
the onl} uiinary disturbance, a few prostatic massages or the passage 
of a moderateir sized gum elastic catheter tw o or three times is sufficient 
to give relief This indicates that the s} mptoms ot obstruction are ot 
inflammator) origin, although srmptomless senile enlargement ma) also 
be present The presence of small clumps of pus cells is practicallr 
alrra}s diagnostic ot prostatic infection Several provocative treatments 
mar be required to bring out the severitv of latent prostatic infections 
In a stud) ot cultures ot the expressed prostatic secretions ot 405 
cases. Von Lackum tound that 141 (35 25 per cent) were "sterile The 
size ot the prostate gland and the degree ot infection were not corre- 
lated, often a small apparentlv insignificant gland was found to carrv 
the highest degree of infection In the absence of pus cells tlicre inav 
be organisms winch are active or potentialh virulent 

The diagnosis ot prostatitis should not be made bv digital examina- 
tion alone as it is not an infallible index of the degree ot infection In 

•1^ Bi'cIkc H G Casc' ot Un-ucpcctcd Carcinni n ot tl c Pro t-itc Di' 
coM-rctl oi Microccopic SlcIiOiI T Lrol 22 3V' 

4 I Mitchell Tohn and Von L-acktin \\ H Oi'C" c Pro'‘atiti' aid Vt ci 
h'l^ Plu'-ical anil Microscopic Data It- 1 T Urol 1 277 
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estimating the consistence of the gland, caie must be exercised not to 
mistake superficial edema of the stiuctmes between the examining finger 
and the piostate gland itself for abnoimal softness of the tissue of the 
gland Sometimes in piostate glands ol small size theie is the impies- 
sion that the capsule is undei tension which is usually significant ot 
definite pi ostatic infection The globus major is tlnckened in most cases 
in which prostatitis is present This thickening and also a distinctive 
tenderness may be recognized b} palpation 

The seminal vesicles may be tender enlaiged, thickened and indii- 
lated, 01 atonicity alone may be the only palpable alteiation Along 
with these changes, the ampulla of the vas defer ens, which normally is 
not palpable, may be thickened and readily palpated The noimal secre- 
tion of the seminal vesicles contains globules, and by means of them it 
IS distinguishable macioscopicallj'' fiom noimal prostatic secietion The 
chief pathologic contents are pus cells, degeneiated cells and often oil}- 
like globules in fair number 

5 tones — Rabinovic^" cited 2 cases of pi ostatic stones In 1 case 
theie were nmety-six stones, lying within the gland In the second 
case there were three stones m the upper pait of the gland, this lesulfed 
in enlargement towaid the bladdei giving cystoscopically, the picture 
of tumor 

Rabinovic concluded that gonorrhea as an etiologic factoi may be ot 
significance Urinary fistulas are seldom associated with pi ostatic cal- 
culi In doubtful cases in which roentgenogiam of the bladder shows 
a shadow similar to stone but not m the usual situation, differ eiitiation 
must be made of a stone m a vesical diverticulum stone in the intia- 
mural portion of the uretei, and a stone m the piostate gland Stone 
in a vesical diverticulum may be recognized b} means of the cystoscopc 
and cystogiaphy Ureteral stone ma} be identified by ureteral cathe- 
terization Prostatic stone is diagnosed by excluding the foregoing con- 
ditions The technic of the operation depends on the position of the 
stones 

EPIDIDYMIS, SEMINAL \ESICLES AND TESTES 

Tumol — Dean made a statistical study of 124 patients with tera- 
toid tumors of the testis treated with external irradiation by means of 
high-voltage loentgen and radium packs 

It was noted that dnect trauma preceded the formation of tumor in 
11 per cent of the cases Incomplete descent of the testis predisposes 
to malignant degeneration whether the testis is in the abdomen or in 

47 Rabiiw ic, Intraglandul ire Prostatasteine, Sibirsk Arch tcor i klin 
yted 2 786, 1927, abstr , Ztschr f urol Chir 26 231, 1929 

48 Dean A L , Tr The Treatment of Teratoid Tumors of the Testis with 
Radium and the Roentgen Ra%, J Urol 21 83, 1929 
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the inguinal canal \\ ith the use oi Ewing’s classification, the histo- 
logic diagnoses uere as folloi\s embrjonal caranoma, 40 per cent, 
teratoma 18 per cent, sarcoma, 9 per cent, cellular adenocarcinoma 5 
per cent mixed teratoma, 2 per cent, adult c}stic teratoma, 0 82 per 
cent , adult leiomyoma 0 82 per cent , orchidectom\ without histologic 
examination, 12 per cent, no operation, 11 per cent 

The first s^^nptom in 92 per cent of the cases was a painless sw ell- 
ing of tlie testis Other s^^nptoms were loss of weight m 57 per cent 
of the cases, cramphke pain m the lower part of the abdomen in 19 per 
cent, pain in the back m 17 per cent, indigestion in 14 per cent, loss of 
strength in 14 per cent, tumor in the loiier part of the abdomen m 12 
per cent, constipation in 9 per cent, tenderness of testis in 8 per cent 
SMclling of loi\er limb in 5 per cent, mass in the epigastrium in 4 per 
cent, siielhng m the left side of the neck m 4 per cent and vomiting in 
2 per cent Metastasis occurred in the abdomen of the affected side in 
69 per cent of the cases, in the left supraclawcular fossa in 9 per cent 
in the lungs m 8 pei cent, in the epigastriun^ in 7 per cent in the 
mediastinum m 3 per cent in the Iner in 2 per cent m the kidiiei in 
1 per cent in the spleen in 0 6 per cent, in the breast of the opposite 
side in 0 6 per cent and in the brain in 0 6 per cent 

Dean considered it important that m the examination ot intrascrotal 
tumors the possibihti of teratoma should be kept in mind Careful pal- 
pation of the abdomen ot the same side is essential 

In the treatment of most teratoid tumors ot the testis, operative 
procedures alone offer but little hope ot cure Because of the undif- 
ferentiated nature of their cellular structures, these tumors are especiallv 
amenable to irradiation Converselv, the tumors most lacking in malig- 
nant qualities are the least radiosensitive 

Tlurtcen patients in vv horn the condition v\ as considered as primarih 
operable were not operated on and there was no metastasis Ten (79 
per cent) are living One patient died about eighteen months later 
two patients were not traced Two of the patients m the group refused 
opeiation and are living and well alter treatment bv external irradiation 
In 3 cases local recurrence followed orchidcctoinv In 1 case operi- 
tion was performed and irradiation was used in all others All the 
patients are living and free from disease 1 patient for three vears and 
SIX months 1 for lour veais and eight months and 1 for ten vears 
ind SIX months 

There were 81 patients who after orchidectonn had inoperable 
loeal recurrences metastasis or both Tweniv-four ("30 per cent) are 
known to Ik living, 56 f70 per cent) are dead 

rieven jntients were observed soon after orchidtetennv Tlieu w-is 
no demonstrable reeurreiici or metastasis Proplnlactic irr'’diatinn vvas 
given Fitzht patuni' (72 jur cent) an livi’U' 
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Dean concluded that when a patient has a teiatoid tumor of the 
testife and metastasis cannot be found, the treatment of choice consists 
of thorough irradiation of the testis and abdomen of the same side, 
followed m from four to six weeks b}' oichidectomy Several courses 
of irradiation should follow at as short intervals as the toleiation of 
the patient will permit An attempt should not be made to remove 
growths that have metastasi/ed from a malignant testiculai tumor 
Maximal irradiation liy means of the radium jiack and high voltage 
roentgen lays offers a gieatei chance for peimanent lelief 

Tube) culo-ns — Ullmann consideied 43 cases in which tieatment 
by roentgen ra}' had a beneficial effect in genital tuberculosis m males 
In most cases local signs such as swelling and infiltration, diminished 
within a short time There was also improvement m the tubeiculous 
infection of the prostate gland, seminal vesicles and scrotum Tuber- 
culosis of one testis was prevented from spieading to the othei by 
roentgen irradiation of the normal oigan Occasionally abscess formed 
following radiotherapy In the etiology of e]>ididyma] tuberculosis 
trauma appeared to be a significant factoi Beneficial lesults were 
obtained b}' repeated doses of roentgen rays, with long intervals between 
Radiotherapy is not a substitute for operation, but it is a good adjunct 
even in cases in which complete removal is not possible 

[Compilers’ Note — This report is one of the most sanguine con- 
cerning the value of loentgen treatment in genital tuberculosis Most 
American wi iters group this form of tieatment wuth institutional 
hygienic treatment, heliotherapy and ultraviolet-ray treatment They 
speak of radiotherapy as causing cicatricial encapsulation of the tubercu- 
lous focus and as being accompanied by maiked atrophy of the semi- 
niferous tubules of the testis When conti oiled mici oscopically, wdiich 
has seldom been done, the tubeiculous focus is found to be not healed 
but merely encapsulated by scai tissue However, this in itself may 
have an ameliorative effect on the process and result in improvement in 
the patient’s general health 

Operative attack, although the subject of shaip controveisy as to 
tj'pe, IS generally the method of choice among urologists Many 
observers believe that the removal of the tuberculous epididymis oi 
kidney wall be attended by subsidence of activity of the tuberculous 
process m the prostate gland and seminal vesicles Young, on the other 
hand takes a radical stand to the contrarj believing that the prostate 
gland and vesicles are the primarj focus and should be treated carh 
and directly by complete eradication 

49 Ullmann, K Erfahrungen uber Rontgentherapie bei cler inannliclien 
Genitaltuberkulose, !Monatschr f Harnkrankh u sevuelle Hvg 1 161 227, 257, 
289, 1928 , 2 3, 65. 103, 1928, abstr Ztscbr f urol Chir 26 229 1929 
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Just A\hat \\ill be the de\eIopment in the treatment of patients iMth 
genital tuberculosis b\ means of the roentgen ra^s is a matter of con- 
jecture As Ullmann cautiousl} pointed out, it is at present hardh a 
substitute for operation but maj be a \aluable adjunct One nould 
anticipate marked deleterious effects on the endocrine function of the 
testes, a disadvantage A\hich does not necessanlj accompam surgical 
measures ] 

Infection — Pugh stated that seminal vesicuhtis is a common 
disease In the acute stage its sj mptoms are markedlj similar to those 
of acute appendicitis and often lead to incorrect diagnosis and appendec- 
toni)" If there are sj mptoms of acute appendicitis Pugh considers 
It important to obtain the patient’s venereal or urologic histori , as w ell 
as to make a rectal examination, before contemplating remo\al of 
the appendix 

ORETHRA 

Ruptiu e — heeler review ed 6 cases of traumatic stricture of the 
urethra, and observed that rupture of the urethra occurs more frequentl) 
in the bulbous portion than in the membranous urethra Ruptures in 
the bulbous urethra are more prone to de\ elop intractable stncture than 
are those in the membranous portion When rupture is m front of the 
tnangular ligament, penneal hematoma almost im ariabl} occurs There 
is intense and ineffectual desire to urinate with se\ere local pain 
Extravasation of the urine is prevented bj a reflex spasm of the com- 
pressor urethra muscle for several hours The amount of bleeding 
from the meatus after the accident is often m imerse proportion to 
the amount of injurj to the urethra After the partial duision, hemor- 
rhage IS Iikel}’’ to be more profuse and continuous, when the dnision 
is complete the retraction of the part faiors hemostasis, and the line 
of least resistance for the escape of blood is into the cellular tissues 
In this wa\ the gra\est rupture is accompanied b\ the large hematoma 
The exact site of the rupture is not alwajs easih ascertained If the 
pehis IS broken the rupture is more likeh to take place aboie the 
triangular ligament m the region of the apex of the prostate gland 
In traumatic cases of rupture of the urethra urine is ordinarih not 
infected at the time of injun and the prognosis is consequenth better 
than in extrai asation of unne behind a long-standing stncture 

Earh operation is important Wheeler uses the following technic 
The patient is prepared in both the suprapubic and perineal regions 
The anterior urethra is washed out but no attempt is made to pass 
a catheter at this stage unless there is doubt about the diagnosis Gas 
IS the anesthesia of choice Penneal cection is done and the bladder 
IS opened suprapubicalK Vt the s-inic time with the finger as a mndc 

50 Piich S Scmiinl \ c^ictiliti- c" \ 5 ''y'a iici* = T Urol 22 
si Wlicclcr W I (’eC Traumatic RtRine ot tlx U-cta'-a Proc Ro 
Med 22 400 1070 
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a catheter is passed in the retrograde fashion and held in position by 
an assistant Clots are removed through the perineal incision, torn 
muscles and brushed bits of tissue are excised by sharp dissection and 
bleeding is controlled A rubber catheter is passed by way of the meatus 
into the perineal wound and secured to the instrument which has been 
passed in the retrograde fashion into the bladder The catheter is 
pulled into the bladder A long thread is attached to the eye-end of 
the catheter and brought out through the suprapubic drainage tube 
The urethra is then sutured over the catheter and perineal wound, and 
closed with a small superficial drain The catheter is changed every 
fourth day by fastening the eye-end of a new catheter into the outer 
end of the one in use at the time, and then by traction on the thread, 
the new catheter is drawn into the urethra while the used one is with- 
drawn through the suprapubic incision At the end of two weeks the 
retained catheter and suprapubic dram are discarded, and instruments 
are not passed until both the perineal and suprapubic wounds have 
healed completely The patient should have monthly examinations for a 
year after operation to prevent the formation of a progressive stricture 
In traumatic stricture, as distinct from gonorrheal stricture, the 
narrowing is extrinsic as well as intrinsic, there is fibrosis of the deep 
tissues of the perineum surrounding the urethra besides the irregular 
healing of the divided ends If the perineal wound, in the absence 
of an indwelling catheter, is allowed to remain open and heal by granu- 
lation, the amount of scar tissue is greatly increased It is Wheeler’s 
belief that by employing the retention catheter for two weeks and avoid- 
ing perineal drainage, the patient is more comfortable, the scar m the 
perineum is reduced to a minimum, subsequent instrumentation is 
simplified and convalescence is hastened 

Young ®- reported 9 cases of fracture of the pelvis complicated by 
rupture of the urethra which illustrate the importance of early operation 
and accurate repair of the urethral defect m such cases In cases in 
which operation was delayed, it was necessary to carry out extensive 
secondary operations to cure fistulas, and to relieve patients of incon- 
tinence of urine If operation was performed immediately, excellent 
results were obtained without serious complications Young expressed 
the belief that careful investigation of the urinary tract should be made 
in all cases of fracture of the pelvis If the posterior urethra is rup- 
tured, the safer procedure is to carry out anastomosis immediately if 
the rupture is complete, as was done in one of Young’s cases, to close 
the defect over a catheter, as was done in a second case With perineal 
and suprapubic drainage, the danger of infection is avoided and excellent 
results are obtained 

52 Youn?, H H 1 reatment of Complete Rupture of the Posterior Urethra, 
Recent or Ancient b\ Anastomosis, J Urol 21 417, 1929 
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[Compilers’ Note — The surgical principles outlined b} Wheeler in 
dealing with traumatic rupture of the urethra are ivorthy of note 
Passing the catheter through a suprapubic cjstotom} opening simplifies 
the effort to recognize at once the proximal portion of the torn urethra 
A second catheter passed through the meatus and on into the bladder 
i\nth the aid of the instrument passed retrograde trom aboie senes as 
a splint over vhich the torn urethral ends ma} be accuratel} sutured 
Frequent change of this catheter in the manner outlined bj Wheeler 
sen es to prevent pressure necrosis, w hereas suprapubic drainage fa\ ors 
healing vith minimal infection and allows the perineal wound to be 
healed wuth the least degree of scar formation and the least opportumt} 
for the development of fistulas External urethrotomi alone is often 
a difficult procedure when the operator dissects slowh m a acatnaal, 
traumatized and blood} field in an effort to secure the urethral ends 
Young likewise emphasized the value of suprapubic and penneal drain- 
age in avoiding infection The same principle is now being applied 
f requentl} in promoting the healing of repaired vesico\ aginal and other 
fistulas of the lower portion ot the unnar} tract ] 

V a umontanum Changes — Begg®® stated that pathologic changes 
m the ver umontanum and the posterior urethra are common causes of 
unnar} and sexual disturbances It is suggested that the colliculus 
acts as a spout which, when thrust forward b} the congestion and 
straightening of the ejaculator} ducts, directs the stream of semen along 
the axis of the urethra, the cavit} of the bulb acting as a distributing 
resenmir The tonus of the internal sphincter is aided in its function 
of preventing regurgitation by the congestion and erection of the ejacu- 
lator} ducts raising the prostate gland so as to occlude the supramontant 
urethra The sinus poculans is a \estigial remnant corresponding to 
the vagina in the female It is not a functioning organ, but frequentli 
acts as a trap for infection 

Granulomas due to infection are the most common pathologic condi- 
tions found in the verumontanum and ma} be eradicated b\ fulguration 
The verumontanum in its relation to sexual life has been o\erempha- 
sized The organ does not contain erectile tissue and no special nerie- 
endings, being similar in this respect to the surrounding urethra 

AXESTHESI \ 

Grodinsk} and Best after a senes ot experiments in which 
cada^ers were injected epiduralh with methilene blue (metlnlthionine 
chloride U S P ), came to the following conclusions concerning sacral 
anesthesia 

53 Bccpr, R C The Verumontanun m Lnnara and Scxml D >:o'r'er■^ Br * 

T Urol 1 237, 1029 

54 Grodin^ka Manuel and Bc^t R R ^icrzl tre^'lies a , an Exp' - ■ — - al 
and Clinical Stud% T Urol 22 jco joao 
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An epidural injection of 20 cc of procaine solution is sufficient to 
anesthetize the fifth sacral nerve coinpletel} and the fouith partially, 
an injection of 30 cc will affect the fifth, fourth and third nerves 
completely, an injection of 40 cc will anesthetize the fifth, fourth and 
third nerves completely and the second and first less completely When 
It IS necessary to anesthetize the first two sacral nerves completely, more 
than 40 cc (50 to 75 cc ) of procaine solution are needed The prefer- 
able method of anesthetizing the first two sacral nerves is combining 
a smaller caudal injection (30 to 40 cc ) with transsacral injection of 
the upper two sacral foramina 

In the experience of Grodinsky and Best, it was noted that 1 per cent 
or weaker solutions of procaine were practically as eftective as the 
2 pel cent or stronger solutions and are to be preferred 

When excessive perineural fat and connective tissues are present 
it IS difficult for aqueous solutions of dye or procaine to reach the bare 
nerves, and the use of some more penetrating anesthetic solutions is 
indicated 

[Compiler’s Note — A 1 per cent solution of procaine has been found 
b}' the majority of anesthetists to be the most satisfactory The average 
patient usually can stand 0 6 or 0 7 Gm of procaine in the sacral canal 
without having a reaction Weaker solutions may be injected slowly, 
and reactions are more readily anticipated The use of drugs, such 
as sodium bicarbonate, which is supposed to make the solutions more 
penetrating, is not satisfactory Anesthetization of the lower three oi 
four sacral nerves is generallj- sufficient for any manipulation of the 
neck of the bladder or for perineal or inguinal operations Sacral anes- 
thesia IS especially satisfactory for urologic and rectal work and deserves 
to be much more extensively employed ] 

Jeck reported on more than 600 cases m which spinal anesthesia 
had been given since 1920 in the urologic service at Bellevue Hospital 
An analysis of postoperative deaths in 536 of these cases showed the 
mortality to be about 4 per cent less with spinal anesthesia than with 
general anesthesia In a senes of more than 900 cases m which spinal 
anesthesia was given by Ehrlich, there were only 2 operative deaths, 
m neither instance could the death be attributed directly to the anesthetic 
Jeck’s series of cases of spinal anesthesia included 21 cases in which 
nephrectomy was performed, in 14 of which it was for tuberculous 
kidneys In 16 cases the anesthesia was perfect, in 2, the patients 
complained of slight pain, in 2, the patients complained only after the 
kidne} had been removed, when it became necessary to administer 
general anesthesia m order to close the wound, and in 1 case a general 
anesthetic had to be given before the kidney was removed, after fort) - 
five minutes of operating 

55 Jeck, H S Neplirectom\ under Spinal Anesthesia with Particuhr Refer- 
ence to Nephrectonn in Renal Tuberculosis, J Urol 21 61, 1929 
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Jeck concluded that spinal anesthesia is successful tor nephrectoni} 
It IS especialli indicated in renal tuberculosis nhen general anesthesia 
is trequenth contraindicated because of pulmonan imohement 
Nephrectoni} is rendered comparatneh easi to pertomi oning to the 
more complete relaxation with spinal than nith general anesthesia The 
patients general appearance and behaiior are good indications of his 
condition During operation a tall in blood pressure, e\ en w hen marked, 
IS rareh a real danger signal Procaine in the form ot Pitkin's solution 
usual!} produces a more satistactor\ anesthesia than procaine alone 
Postoperative ileus does not trequenth occur with spinal anesthesia 

[Compilers’ Note — The application of spinal anesthesia m spite ot 
the apprehension with which it was used when first introduced is 
rapidl} becoming widespread This has been especialh true during 
the last three } ears ^lore caretui control of the technic ot administra- 
tion the use of purer drugs, and abo\e all the abilitr to a\oid or to 
control to a great degree the alarming rasomotor collapse bi means ot 
ephedrme have probabh been the chief tactors m bringing spinal 
anesthesia into its ow n ] 

Henlmes®® choice ot anesthesia m renal operations is combined 
paravertebral and local anesthesia Prelimmar\ medication is gnen ot 
three doses of gram (0 008 Gm ) ot morphine sulphate m an ampule 
contaimng 2 cc of a 50 per cent solution of magnesimn sulphate m 
procaine at half-hour mterrals before operation One per cent solution 
of procaine, without epinephrine, has gi\en the most satlstactor^ results 
Injection of this solution is made below the trans\erse process of the 
vertebrae from the eighth thoraac to the second lumbar mclusiie the 
injection being made 5 cc abo^e and below each, except tor the two 
lumbar nerves, w hen 10 cc is used This is supplemented bi splanchnic 
analgesia and infiltration along the line of incision ]More perfect 
anesthesia should be obtained b} thus blocking each ner\e twice along 
its course, using onh a safe amount of procaine Procaine is a sate 
anesthetic, pro^^ded the solution is injected slowK and not directh into 
the blood stream or spinal canal The destruction of procaine m the 
luer IS rapid, not cumulatne and has no ill ettects on the kidnejs 

The technic of administration of a combined para\ ertebral and local 
anesthetic is more difficult for the surgeon but the ad\antages to the 
patient are sufficient to warrant its use The ad\antiges to the patient 
are fluids ma^ be taken before during and after the operation the 
anesthesia persists for an a\erage of three and a quarter hour' after 
operation less postoperatne opiates are required and some patient-- 
are comfortable without an\ narcotic pulmonan comphcntions are 

56 Hcnlmc R B \ Xcw Method of Para\crtcbral in- Kid’ 

Operations Report of Thirt\ -Tlirte Ca-e- T Lrol 21 27 
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diminished, abdominal distention is less common and seveie, nausea and 
vomiting aie rare, the mortality late is lessened, and convalescence 
begins when the patient leaves the operating table Because of the 
gentleness with which tissues must be handled, the operative procedures 
are caiefully cairied out Relaxation of the tissues is complete The 
kidney may be opeiated on regardless of any coexisting disease with 
less dangei than under any other anesthetic The method of anesthesia 
has been pioved experimentally and clinically to be practical, successful 
anesthesia should be expected in at least 90 per cent of opeiations on 
the kidney Pam is not experienced if the kidney is dissected genth 
fiom Its bed, oi if the renal pedicle is clamped and tied 

Heimann and Do^sa®^ lepoited the results of paravertebi al anes- 
thesia m 1,000 operations on the kidney and ureter Transitory or 
peimanent disadvantages which accompany inhalation, splanchnic oi 
spinal anesthesia are not encountered m the use of pai avei tebral 
anesthesia Low or high blood pressure, poor renal function, cardiac 
lesions or pulmonary involvement are not contraindications to its use 

A maikedly neuiotic and apprehensive patient should not be selected 
for paravei tebi al anesthesia The evening before operation the patient 
IS given 0 5 Gm of veional Half an hour before he is taken to the 
opeiating loom, he receives an injection of 0 02 Gm of morphine 
sulphate Piocame is the most desirable anesthetic, because it is the 
least toxic most reliable and least expensive In opeiations on the 
kidney and meter, Hermann and Dozsa block fiom the eighth to 
the twelfth dorsal nerves, that is, the last five intercostal neivcs and the 
fill St lumbar nerve 

[Compilers’ Note — Regional anesthesia is m pait rapidly replacing 
inhalation nai costs foi opeiations on the kidney and uietei Undei 
the stimulus of Labat, who fiist popularized the method m America, 
pai avertebi al anesthesia has found acceptance in a numbei of clinics 
Hermann and Dozsa emphasized its undisputed advantages The technic 
IS accompanied by excellent results and may be applied with entue 
satisfaction by those skilled in its use The administration of para- 
%^ertebral anesthesia, however, is painstaking and time-consuming The 
recent renewed interest m spinal anesthesia, which seems to be sweeping 
over America, and the rapid and less difficult application in aveiage 
hands, will probably cause this type of regional anesthesia to supplant 
paravertebral injection to some degree Paravertebral anesthesia, when 
properly applied, will prove satisfactoiy, and it is not attended bj the 
dangers, real or imagined, which cause the more conservative operators 
to appioach spinal anesthesia with apprehension ] 

57 Herrmnn, H B , and Dozsa, Eugene Paravertebral Anaesthesia m 
Urolog} , with a Report of Its Use in a Thousand Cases of the Kidnej and 
Ureter, Siirg G\ntc Obst 48 375, 1929 
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URIXAR\ INFECTION' 

Campbell considered some of the more common t}pes of disease 
of the urinary tract in infants and children in nhich chronic pjuna 
IS a predominant symptom Age is not an etiologic factor in chronic 
p}una Urmar} stasis encourages urinar} infection, and mar be due 
to organic obstruction or the result of neuromuscular disease of the 
urmarj'^ channels, espeaall) the bladder and ureter Orgamc obstruction 
of the urinarj tract may be congenital or acquired In a study of 2,420 
necropsies on children at Bellevue Hospital, anomalies of the urinary 
tract nere found in more than 7 per cent and in man} of these the 
renal injur} caused b} congenital urmar} obstruction was extreme 
When disease is secondar} to obstruction, the changes n Inch occur above 
the point of obstruction are identical regardless of the character of 
the blockage 

The disease process in cases of obstruction and infection is one 
of chronic suppuratne nephritis and is regularl} observed in the study 
of sections of kidneys in cases of advanced obstruction The usual 
route b} -w hich bacteria reach the urmar} tract is from the blood stream 
through the kidne}S, the origin of the bacteria is as a rule a focal 
infection ot the upper respiratory tract, tonsils, sinuses or middle ears 
The incidence of acute renal infections being preceded b} acute exacerba- 
tions of such focal infections is so regular that their etiologic relationship 
IS unquestioned True c}stitis or urethrocvstitis m children in the 
absence of renal infection is undeniable and ma} cause persistent p}nina 

A tight prepuce or a tight meatus ma} cause obstruction, vith 
dilatation of the entire urmar}' tract, as uell as destruction of the 
kidneys Congenital malformations of the vah e of the posterior urethra 
are significant as the cause of urmar} obstruction These mucosal folds 
usually extend from some portion of the \erumontanum to the lateral 
vail of the urethra In some cases they are unilateral and m others 
thei have no connection vith the \crumontanum but form an ins 
diaphragm vhich blocks the urethra Injur} to the urinar\ tract vith 
renal destruction aboi e the point of obstruction in these cases is usualh 
extreme The ^ahes ma} be destro>ed satisfactoriK b\ transurethral 
instrumentation or b} suprapubic approach Obstruction at the renal 
outlet IS usualh the result of plugging of the opening b} pehac stone 
blood clot or the debris of renal necrosis Xcuromuscular disturbances 
of the bladder are usualh accompanied b\ p}uria If there is chronic 
spasm ot the \esical outlet urmar} retention ma\ be se\ere In the 
latter stages when muscular parahsis has de\ eloped a hrge amount of 
residual urine will be found in the dilated atonic flabbi bladder 

CampKll Nt T Oironic pNairn n Innnc\ ond Oi If hfwl Nf T Rcc 
130 OO 1020 
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A thorough urologic examination b) the same technical methods as 
aie employed with an adult is indicated when pyuria persists longer 
than foul weeks, m spite of intensive systematic treatment Such an 
examination includes careful urinalysis, the determination of the renal 
function by the phenolsulphonphthalein test, the observation of the 
chemical changes m the blood, roentgenograms of the urinary tract to 
rule out stone and spina bifida, C 3 'stogi aphy, cystoscopy, ureteral cathe- 
terization and divided renal functional tests for excretion of dye and 
urea, and pyelography when indicated Children withstand urologic 
examination remarkably well and manifest fewer and less severe post- 
instrumental reactions than do adults When completely performed 
these examinations will demonstiate the incorrectness of the diagnosis 
of chronic pyelitis on the basis of persistent pyuria and also the lesions 
of the urinary tract which may bring about chronic pyuria Uncompli- 
cated chronic inflammation of the renal pelvis does not exist, and pus 
originating m the uppei part of the urinary tract is chiefly from the 
renal parenchyma In many instances involvement of the upper part 
of the tract is slight or absent, whereas disease of the lower part of 
the urinary tiact is marked 

Smith,®'’ in reviewing fifty cases of renal infection, observed that 
peridental infections and disorders of the intestinal tract often precede 
or accompany the onset of pyelitis, but he was unable to determine the 
relationship between them The infection often persists after the prob- 
able cause has been removed Treatment used in one case is not always ' 
as effective in an apparently similar case Pelvic lavage proved to be 
the best method of treatment , it will not clear up certain cases in which 
there is obstruction to drainage, but it is effective m cases in which 
only a minor obstruction is demonstrated Vaccine and bacteriophage 
were found to have no appreciable value Improvement in the patient’s 
general resistance is important In all cases in which the infection 
persists, a complete pyelographic and functional study of the kidneys 
should be instituted 

INFECTION or THE BLOOD STREAM 

Scott ““ has observed that transitory infection of the blood, or 
bacteremia, is more common in diseases of the genito-urmary tract 
than true septicemia Of 82 patients, 62 per cent had infection of 
the blood stream after operation The urethra was thought to be the 
portal of entry m 80 per cent of the cases Seventy-seven per cent 
of the patients had bacillary infection, and 23 per cent coccal infection 
of the blood stream Infection by colon bacillus occurred in 40 per 

59 Smith, G G Fiftj Cases of Renal Infection, New England J Med 
200 867, 1929 

60 Scott, W W Blood Stream Infections in Urologj , a Report of Eight\- 
Tvo Cases, J Urol 21 527, 1929 
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cent of the cases Eighteen per cent ot the patients died , in 74 per 
cent of these, intections -were postoperatne in origin and occurred in 
patients i\ho ■\\ere relativel}' poor operatne risks 

In cases of true septicemia attempts should be made to locate and 
eliminate hen possible, the primar\' focus ot infection In the presence 
of preoperative or postoperative sepsis whether or not cultures of 
the blood are positive, intravenous treatment mav often be helpful 
Scott expressed the belief that everv precaution should be taken to pre- 
vent the possibihtv of infection of the blood stream in urologic cases 
[Compilers’ Note — Urethral fever, after cystoscopic examination 
and after operation with chills and fever mav serve to turn the tide 
against a patient v\ ho is alreadv a poor nsk The demonstration of posi- 
tive cultures of the blood m such cases does much to clear up our under- 
standing of the mechanism of such infections, as well as to emphasize 
their gravitv The fact that 18 per cent of Scott’s patients died post- 
operatively demonstrates the seriousness of the condition If, as this 
article seems to bring out, bacteremia is usuallv transient, then it is 
of the utmost importance to use intensiv'e treatment to support the 
patient’s resistance to the highest possible level This mav be accom- 
plished b} stimulating the elimination, bv supporPng the cardiov ascular 
system, b\ intravenous treatment perhaps and bv establishing proper 
drainage of the urinarv tract ] 

tiRIXARV EXTRAVASATION' 

Campbell stated that periurethral phlegmon is a rapidlv fulminat- 
ing infection, with a mortalitv rate of approximatelv 50 per cent Dur- 
ing the last fourteen vears 135 patients with this disease have been 
admitted to Bellev ue Hospital Earlv recognition of the lesion together 
with immediate institution of proper treatment is of prime importance 
For anatomic reasons urinarv extravasation is a disease peculiar 
to males Urethras scarred and ulcerated bv infections past and present 
vv eakened and dilated b) long-continued urinarv back-pressure secondarv 
to stricture oftered the least resistance to infectious exacerbations 

The prognosis depends on the virulence ot the invading organisms, 
the site and duration of the disease and the degree of renal injurv 
which has occurred The condition should be treated bv radical surgical 
nieasurcs vv Inch are alvv av s emergenev procedures Free drainage should 
be given the urinarv bladder with wide incision and drainage of the 
involved tissues Genital cutaneous repair is rapid and satis factorv 
When stricture is demonstrated periodic dilatation with '-ounds sliotild 

61 Caniplxll At F Periurethral Phleemon (Lrinare Fxtrae isatu al ‘'i 
Gmhc Oh-t 4S ''=:2 1020 
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be used consistently after opeiation, as is customary for all strictures of 
the urethia This treatment is the only proph}laxis against future 
phlegmons 

SPINA BIFIDA OCCULTA 

Mertz and Smith stated that it is not the boity defect itself which 
causes the i emote neivous symptoms in spina bifida occulta, but also the 
nerve fibers of the cauda being adherent to the superficial structures or 
pressure on the cord at the point of the spinal defect Theie may 
be a distinct meningocele protruding through the bony cleft, closure 
of the cleft by a tough membrane adherent to the skin, perforation of 
the membrane by a dense band attached to the subcutaneous tissue 
externally and compressing the structures of the cord internally, fatty 
tissue lying within the canal concealed by this membrane, bulging of 
the dura matei , exostosis within the canal compressing the cord struc- 
tures , myofibrohpoma extending through the cleft into the bony canal, 
compressing the cord and its roots and degeneration of the cord tracts 
themselves The presence of an added pathologic process explains why, 
m some case of spina bifida occulta, there are symptoms, and in 
anothei there are none Merz and Smith consider that this fact sug- 
gests the necessity for a readjustment of the point of view concerning 
the significance of the presence of spina bifida occulta, and will form 
a basis for its consideration in the future 

The uiinary symptom most fiequently obseived in spina bifida 
occulta is urinary incontinence usually enuresis Retention of urine 
in the bladder, the result of a detrusor muscle paralysis due to spina 
bifida occulta, with or without the loss of control of the sphincter of 
the bladder, has been reported 

Mertz and Smith urge the close cooperation of the urologist, the 
roentgenologist, and the neurologic surgeon in the detailed study of each 
case, as they believe that only in this way can the accurate relationship 
of cause and effect ultimately be determined 

PYELOGRAPHY 

Konig undertook experimental work, chiefly on dogs, to determine 
whether the “streak formation” often noted m pyelograms is due to 
the entrance of the contrast solution into the venous system of the 
kidne) so-called p} elo venous reflux, or whether it enters the parenchyma 
by way of the tubules The phenomenon is observed in the majority 

62 Mertz, H O, and Smith, L A Spina Bifida Occulta, Its Relation to 
Dilatations of the Upper Urinary Tract and Urinary Infections in Childhood, 
Radiology 12 193, 1929 

63 Konig, Ernst Ueber die sogenanntcn Buschelbildung im Nierenrontgen- 
bild, Beitr z klin Chir 144 320, 1928 
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of cases at the poles of the kidnej, and less frequent!} in the median 
portion, either single or multiple This streak formation uas noted 
in one case, that of a boy aged 17, of 128 p}elograms examined 

After the bladder had been opened b} the abdominal route, the 
catheters nere introduced into both ureters to the renal pehis, and the 
bladder and abdomen uere closed To eliminate all disturbance from 
motion during the exposure the animals nere anesthetized and 2 cc 
of a contrast medium uas injected Roentgenograms nere taken, and 
from 2 to 6 cc of additional fluid was then injected under rapid pressure 
Roentgenograms were again taken The animals were killed and the 
kidneys examined microscopicall} From fifteen to thirt} minutes 
usually elapsed betv^een p}elograph} and examination of the kidne\s 
As a result of these investigations, it was found that it an o\er- 
filhng of the renal pehas was produced b\ apphang a rather high pres- 
sure, the entrance of the contrast solution into the unniferous canals 
resulted, and in appl}ing colored contrast solution under similar condi- 
tions, an experimental streak formation was obserr^ed The streak 
formation consequenth must be due to the entrance of the contrast 
medium into the unniferous canals 

EMBOLISM 

Thomas and Al}ea®‘ studied a group ot cases m which the patients 
had died suddenl} of pulmonar} embolism after urologic operations 
and noted the following facts The embolus nearl} alwa}s originated 
in one of the femoral veins or one of its larger trunks The thrombo- 
phlebitis of the pelvic veins, w'hich occurred in almost e\ er} case, seldom 
resulted in fatal embolism Femoral phlebitis mai result from an exten- 
sion of the process from the pehic ^elns The embolus arising in the 
femoral \ein is usualh dislodged before the phlebitis becomes recogniz- 
able clinicalh Small emboli which cause pulmonan infarcts (usualh 
71 per cent) seem to come from the pehic ^elns Obese patients more 
than 60 }ears of age seem more susceptible to pulmonar\ embolism 
than others 

J^Iathe stated that distention of the bladder or urethra w ith air 
or ox}gen for am purpose ma\ pro\e harmful if not disastrous, if 
the air or ox^gen should enter the \enous circulation Increased intra- 
\csical and intra-urethral pressure is more likeh to occur in cases of 
prostatic Inpcrtropln or in cases of stricture as it pre\ents the escape 
of air between the walk of the urethra and the indwelling catheter 
or c\>-toscope 

M Thoma' H M, and \hca Edwin Piilaanr\ n-rbol'-ia Folh i ^ 
Lroloincal Surcrcra South M J 22 757 102^ 

(o Matlu C P Fatal Eubolu- Dut to li’lla in i oi Pbdea- \ i i \!r s, 
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Mathe considers that the most efiective tieatment of air embolus 
IS the immediate lelease of pressuie of an in the bladder, artificial 
lespnation and injection of a solution of 2 cc of 1 1000 epmephiine 
directly into the light side of the heait Death is due to the arrest 
of the pulmonary cnculation, to gaseous distention of the light side 
of the heait, pi eventing function of the tricuspid and pulmonaiy valves, 
to too little blood leaching the left ventricle and pioducing anemia ot 
the vital centeis of the brain and to stasis of the coronal y vessels 
The use of sterile watei oi mild antiseptic solutions should be substituted 
for air m inflating the bladdei and urethra foi diagnostic theiapeutic 
and operative proceduies 
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RECURRENT AND SO-CALLED METASTATIC GIANT 

CELL TUMOR-" 

CHARLES F GESCHICKTER, :MD7 

AND 

MURRAY M COPELAND, MDt 

BALTIMORE 

As information advances, it is ob\ious that clinical entities are estab- 
lished on the basis of a specific etiolog}', rather than on abstract classi- 
fication For this reason, as additional facts are disclosed, the time 
honored controvers} concerning the mflammatorj" or neoplastic nature of 
giant cell tumors and bone c}sts is ginng place to a discussion of the 
actual causatiie processes of these lesions The evidence presented in a 
previous paper ^ favored the ^ lew that these grow ths constitute a single 
entit) , and that the giant cell tumor arises as an abnormal phase in the 
resorption of temporary bone in response to trauma, while the bone c\ st 
presents the healing phase of the same lesion Ne% ertheless, m \ie\\ of 
the amount of attention recently directed to so-called metastatic giant 
cell tumors in the literature, it is necessarj^ to present further e\idence 
concerning a certain group of these lesions to delineate them more 
sharply from the bone sarcomas 

The high percentage of clinical recurrences after treatment in t3"pical 
giant cell tumor speaks for the progressne nature of this disease 
Among 222 cases of giant cell tumor in the surgical pathological labora- 
torj' of the Johns Hopkins Hospital there vere thirt)-one recurrent 
cases following a primar) curettenient, and mam of these showed 
repeated recurrences despite surgical intenention In three additional 
cases in the series, metastases to the lungs were supposedl} responsible 
for the death of the patient 

An anal} sis for the reasons for such recurrences has been repeated!} 
made on the basis of the microscopic picture In the literature lanous 
claims liaie been set forth bi some who belieie to see m the microscopic 
'Structure of the tumor the explanation of a more persistent and 
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malignant course More recently Goforth ^ has attempted to grade the 
microscopic picture to show the gradual transition of benign giant cell 
tumor to osteogenic sarcoma 

Microscopic studies of giant cell tumois in this laboratory have been 
carried out m an effort to confirm or possibly to elucidate the alleged 
malignant transformation of giant cell tumors If it is true that these 
tumors may show a gradual transition to osteogenic sarcoma and kill by 
metastases, and reasons for this transition may be developed, then we 
have established a most valuable approach to the nature of a malignant 
condition so fai as it applies to bone The present conception of the 
giant cell tumor as a benign growth would have to be somewhat altered 
so far as this lesion would then present the chaiacteristics of a pre- 
sarcomatous growth Howevei logical the existence of such histologic 
gradations toward a malignant condition may appear, a survey of the 
data from many diffeient sources, it will be shown, does not support 
such contentions 

In approaching this pioblem micioscopic analysis alone is insufficient, 
and much is to be gained from a study of the physiopathologic processes 
underlying both effective and unsuccessful methods of treatment Foi 
this reason the study of recurient and metastatic giant cell tumois 
presented here includes a suivey of all the factois related to this group 
of tumors including both clinical and embryologic features 

For purposes of analysis it has been found convenient to group the 
lesions under discussion into four groups The first compiises micio- 
scopically benign giant cell tumors with clinical features leading to 
recurrence The second group includes giant cell tumors which resemble 
sarcoma microscopically, with or without clinical lecunence In the 
third group are placed those giant cell tumors which are associated 
clinically with metastases and death The fourth group is composed 
of osteogenic sarcoma containing giant cells and resembling micio- 
scopically giant cell tumor A discussion of these foui groups is fol- 
lowed by an analysis of the clinical results following vaiious types of 
tieatment in over 200 giant cell tumors 

I BENIGN GIANT CELL TUMOR WITH CLINICAL FEATURES 
LEADING TO RECURRENCE 

In this group of lesions the original tumor was always characterized 
by a microscopic structure typical of the usual benign giant cell tumor 
The failure of these lesions therefore to heal after a primary curetting 
cannot be explained on a histologic basis A study of the twenty-six 
cases in this group, however (table 1), reveals that the cause of the 
recurrences is to be ascribed either to a poor selection in choosing the 
t 3 fpe of treatment for the individual case or to an incomplete operation 

2 Goforth, J L Giant Cell Tumor of Bone, Arch Surg 13 846 (Dec) 

1926 
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Eitlier the operator elected to curet a lesion that as too far advanced or 
at a disadvantageous age and site, or in performing the curettement, 
there was incomplete removal of the tumor and usually failure to follow 
with chemical or thermal cauterization 



Fig 1 (P \ 27291 metastatic ca'c 2) — Structure of i giant cell tumor tint 
recurred tour times The photomicrograph shows the original lesion at the turn, 
ot primari curettement, which resembles the tapical giant cell tumor Sccjon tor 
the photomicrograph was secured through the courte^a oi Dr B C Crowell irom 
tile Bone Rcgistra oi the \merican College ot Surgeui" 

Micio^topjc Anahit ' — liile sonic authors' claim to be able to 
distinguish in the section of the origin i! emit cell ttimo’", tlie cau'C fo" 

1 Ewiig T Xcopla t c Dne^se e ' ' Piiil dc p ■’ \\ B Sa_"(’''"' Co" - 
pana 1^2^ 
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its subsequent lecunence, the lesions in the piesent group show no 
peculiaiities in the microscopic pictme which would heai out such a 
claim Tissue taken fiom the original lesions in the tAventy-six cases 
already ref ei red to shows a predominance of laige multmucleated giant 
cells, which aveiage ovei 30 to the low -powei field and contain 



Fig 2 (P N 27291, metastatic case 2) — Photomicrograph of the same tumor 
shown in figure 1, after the fourth operation The unusual amount of fibrous pro- 
liferation IS due to a healing reaction, but was incorrectly diagnosed sarcoma by 
man\ competent patliologists The healing reaction has been accentuated bv 
roentgen and radium therapy 


from 1 a to 200 nuclei per cell (fig 1) These giant cells arc embedded 
in the round cell stroma t\pical of all benign giant cell tumors, and in the 
sections taken from the second ojaeiation after the tumor has recurred. 
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theie IS no histologic change tonard osteogenic saicoma or what may be 
called a malignant giant cell variant Unless the lesion has become 
infected, the histologic change following recuiience is usually charac- 
terized b} an increase of fibrous tissue (fig 2) Numerous spindle 
cells and fibroblasts are found among the round cells indicating nature’s 
attempt at a healing reaction Occasional!} , foam cells are found m the 
sections, and although this entitles the lesions to the name of xanthoma 
^a^ants, there is no significant change m the t}pical microscopic struc- 



Fig 3 (P N 27461) — Poam cells in i topical giant cell tumor that recurred 
These so-called \aiithoma cells arc the result of extension b\ the tumor into the 


solt parts 


lures (fig 3) It is nnpoitant to cniphasize lierc as \\ell as elsewhere, 
that we beheae that such loam cells aie associated with ])erioration of 
the hon\ capsule and extension ot the tuiiior into neighhoiing sQit parts 
which fuinish the lipoids cliaracteristie of these xanthoma cells 

Since the inicioscopc is ot no aid m disclosing the reasons lor recur- 
rence 111 this gioiip ot tumors it is neccssara to look into the clinical 
fcatuits nl the growth and the mitliods ot treatnunt in order to explain 
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the failure of these tumors to follow the usual couise and heal after a 
primary curettement 

Chmcal Featuies Leading to Recwience — review of the clinical 
features of this gioup shows that age must be considered as a con- 
tributory factor to recuirence In order to determine the impoitance of 
this factor, 105 cases in which the patients were submitted to primary 
curettement were selected, and the ages of those in whom curettement 
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ot age and only 16 per cent were under 21 There is, therefore, a 
contrast betiveen the ages m the recurrent and m the nonrecurrent 
groups ivith a definite tendency for the giant cell tumor to recur more 
readily m persons more than 21 and even more frequently in those more 
than 30 years of age This is to be explained by the fact that cortical 
bone declines in its power to heal and ossify after the age of 21, and 
as we have pointed out prei lousl}', this cortical bone is a pnmarj factor 
in the healing reaction about a giant cell tumor 

The location of the tumor is also of some significance in regard to 
recurrence While recurrent giant cell tumors occur m most of the sites 
w here giant cell tumors anse, the lower end of the radius appears to be 
a fa%orite location for the return of the lesion after curetting (figs 4 



Fig 6 (P N 3770S) — Roentgenogram of a giant cell tumor of the Ioi\er part 
of the radius showing extensne destruction of the bone shell which led to a recur- 
rence of the tumor after curetting 

and 5) The ordinarj' giant cell tumor affects most frequentlj the upper 
part of the tibia, and the low'er part of the femur and of the radius 
The upper part of the tibia shows relative!} few' recurrences (8 per 
cent) and the lower part of the femur a moderate number (39 per cent), 
w'hile in a series of sixteen curettings in the lower part of the radius, SO 
per cent recurred The explanation of these frequent recurrences in the 
radius lies in the destruction of the bone shell, wluch usual!} has 
progressed to a further degree in this nonw eight-bearing bone than m the 
bones of the leg before the patient is aware of se\ere s}mptoms m the 
use of the limb The a\crage duration of S}Tnptoms is twent} months in 
the radius compared with tourteen months for the usual giant cell tumor 

(fig: fi) 

Both age and the site of recurrences emphasize the influence of 
cortical bone in the healing of giant cell tumor after curettement 
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Primarily, the most valuable asset in the cuie of a giant cell tumor is 
the preserved shell of cortical bone with an intact and competent vasculai 
supply This IS evidenced by the spontaneous healing of giant cell 
tumors to produce a bone cyst m the metaphysis and shaft of the long 
bones in which there is a substantial layer of coitical bone with a richly 
vascularized subperiosteal mantle The origin of the abnormal growth 
is dependent on the tempoiaiy dysfunction of this portion of the bone 
following a trauma 

Roentgenograms and gross specimens emphasize that the giant call 
tumor most fiequently recurs because curettement rathei than resection 
has been undertaken m a tumor that has destioyed too much of the bone 
shell before the time of surgical intervention (figs 7 and 8) The 



Fig 7 (P N 32924) — Roentgenogram of a giant cell tumor in the lower end 
of the fibula, similar to the case shown in figure 6 Advanced destruction of the 
shell of cortical bone was responsible in all probability for the recurrence after 
curettement m this case 

perforation of a giant cell tumoi into the soft parts is moie to be feaied 
because of the cortical destruction antecedent to the peiforation than 
because of infiltration and the danger of incompletely lemoving the soft 
pait tumor (table 1) 

Treatment so far as it in\ohes the selection of the type of opeiation 
m any particular case and also the skill with which such therapy is 
applied constitutes the major cause for recurrences Obviously, curette- 
ment m a patient o%er 35 years of age with a giant cell tumor in the 
lower end of the radius that has destroyed the major part of the bone 
shell inMtes recurrence Resection with subsequent transplantation of 
bone IS to be preferred In this way the selection of the mode of treat- 
ment determines the clinical result In an equal number of cases the 
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failure to use chemical or thermal cauterization after curettement pre- 
disposes to recui rence In sei en ot the cases m this series the recuri ence 
of the tumoi could he ascribed to partial curettement Usuall} the 
failure to remore all of the tumor uas due to an erroneous diagnosis 
rihich led to simple aspirations or to incomplete excision, in the belief 
that a suppuratne condition existed In one case the operation r\as 
incomplete because undue hemorrhage was encountered 



Fig S (P N 32924) — Gross specimen of the tumor shown m figure 7 The 
sliell IS perforated and infection followed (fig 11) 

In curetting care should be taken to reinoie as much of the cancellous 
bone nnohed as possible, and at the same time to presene a maximum 
amount ot the cortical bone sliell with intact blood supph hen the 
surgeon is orer liberal in the rciiio\al ot cortical bone, repeated opera- 
tion IS often nccessar\ and each tune more and more ot the cortical bone 
IS sacrificed, until cure b\ cnrcttnncnt becomes impossible 

The fact that no giant cell tumor has recurred after prnnarx radical 
resection oi amputation einphasircs the fact that the mode ot treatment 
and not the histologi ot the tumor is the prnnan factor in recurrence 
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As Bloodgood ^ has repeatedly pointed out, the typical giant cell tumor 
IS benign, and conservative treatment by efficient curettement and 
cauterization is the opeiation of choice in most instances This is par- 
ticularly true when resection because of the bone involved would be 
equivalent to amputation But m elderly patients and in cases in which 
much of the bone shell is destroyed and in sites such as the fibula, radius 
and humerus when resection with transplant of bone will restoie func- 
tion, discrimination between curettement and resection should be care- 
fully made, and the possibilities of preliminary treatment by roentgen 
therapy seiiously considered Because of the close relationship of these 
lesions to the usual bone cyst, the possible benefits resulting from col- 
lapsing the cavity remaining by crushing ® or by filling with bone chips, 
must also be weighed 

II MALIGNANT VARIANTS AND DIFFERENTAL MICROSCOPIC 
DIAGNOSIS JN GIANT CELL TUMOR 

In the cases considered in this group, seven lesions are grouped 
together which showed under the microscope characteristics resembling 
osteogenic sarcoma (tables 2 and 3) Practically all of these cases were 
submitted to \arious pathologists for diagnosis, and in most instances 
there was a striking lack of agreement among those most competent to 
judge Although ultimate clinical results favor the conclusion that the 
tumors were benign (no deaths are recoided in the follow-ups), still in 
three instances (PN 29327, PN 39404, PN 26792) the microscopic 
structure is indistinguishable from certain varieties of osteogenic 
sarcoma 

This small group of cases selected from among 222 cases of giant cell 
tumors of bone demonstrates practically all the points of confusion 
aiismg in the differential microscopic diagnosis of giant cell tumor All 
the important variations m the histologic picture of this tumor are 
depicted, such as changes due to necrosis from poor fixation, alterations 
dependent on recurrence and infection, modifications due to partial heal- 
ing with fibrosis, changes brought about by irradiation or by infiltration 
of adjacent tissues, as well as the actual presence of osteogenic sarcoma 
m the sections An anal} sis, theiefore, of this small group of so-called 
malignant variants of giant cell tumor serves admirably as a study m 
the differential diagnosis of this growth, as far as microscopic changes 
are concerned It serves to emphasize the importance in microscopic 
diagnosis of a familiarity on the part of the pathologist with changes 
produced in the histology of giant cell tumor by previous operations. 

4 Bloodgood, J C The Conservative Treatment of Giant Cell Sarcoma, 
Ann Surg 56 210, 1912 

5 Henderson, M S Giant Cell Tumor of the Upper End of the Femur 
Minnesota Med It S42 1928 
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inadiation, paitial healing, infection, invasion of soft parts and pool 
fixation, in compaiison with the typical stiuctuie of both giant cell 
tiunoi and osteogenic saicoina 

Chmcal Features — The clinical fealuies of these “malignant” 
variants aie given m tabtilai foiin in tables 2 and 3 It will be seen that 
five of seven cases recuiied aftei initial tieatment of curetting oi 
excision, and that the micioscopic vaiiations aie generally associated 
with a second or third opeiation with intei veiling infection In othei 
words, instead of the so-called malignant micioscopic stiucture being the 
cause of the lecuiience, the leverse is tiue — the infection of the lecui- 
lent tumoi is usually the cause foi the micioscopic change Death has 
not been recorded in any of the seven cases, but in table 2, two patients 
alive, five and six yeais after treatment, lespectively, weie subjected to 
lesection or amputation, and such tieatment which may lesult m cuie 

Tabu 3 — Malignant Vanants of Gtanl Cell Tnmo> Without Recunence oi 

Metastasis 


Race, Sex 

Duration 


Roentgeno 

P ^ and Age 

Location 

Mo 

Symptoms 

gram 

39184* * W r IG 

Scapula, 

neck 

0 

Pain, 

tumor 

Shell intact 

20702* W M 10 

Hunierui, 

upper 

IG 

Trauma, 

pain 

Shell thin 
perforated 


Treatment Micioscopic Result 

Ciircttefl Onlciflcd Well 1 yr 

Jiil},lD27 cartilage Id 
the mnlienant 
variant 

Curetted, Onlelfled Well 8 yr 

Oct , 1020, cartilage In 
vlthcnutcU the malig 
ration nant variant 
radium and 
toxins 


* See P N '11220 and P N 40872, inOuded uith metastatic giant ceil tumors and miero'-copi 
cally Identkal ultli tliosc two cases 


m genuine saicoma must be considered in evaluating the chaiactei and 
clinical course of the growth In table 3, both patients for whom data 
are given are in the sarcoma age The tumoi did not lecur aftei curret- 
ting in either case, but the resemblance to a foim of osteogenic sarcoma 
observed in the original tumors is sufficient to make the diagnosis of 
giant cell tumor exceedingly doubtful 

Mta oscopic Analysts — In the cases listed in table 2 all of the lesions 
recurred, and unfortunately verified sections fiom the original tumors 
were obtained m only one instance The condition m all five cases was 
diagnosed osteogenic sarcoma by the majority of the pathologists passing 
on the sections In the case in which sections from the first operation 
were seen (P N 32924), poor fixation lesulting in necrosis was respon- 
sible for the inabiht} to distinguish between sarcoma and a variant of 
giant cell tumoi ffig 9) In the other foui cases, ow'ing to lack of 
knowledge of the history or to actual errors in the clinical or clerical 
records the pathologist making the diagnosis was not informed that he 
was looking at a recurrent lesion and not the original tumor In one 
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case (P N 36170) a marked healing reaction resembled fibrosarcoma, 
and m the other three cases (table 2) infection accounted for the marked 
pyknosis and cloudy s■\^elhng of the nuclei mistaken as a feature of 
osteogenic sarcoma Unf amiliarity ■« ith the changes in giant cell tumor 
produced b} partial healing after a primary operation or b} infection 
was therefore the cause for most of the diagnostic errors m this group 
In the case in which marked healing reaction occurred (fig 2), a 
caieful stud} of the sections under a high poiier lens showed that the 



Fig 9 (P N 26091) — Photomicrograph of a poorh fixed specimen of giant 
cell tumor Necrosis similar to tins led to an erroneous diagnosis of sarcoma in 
case P N 32924 


}Oung proliferating cells Merc earh fibroblasts participating in a reac- 
tion referred to b} us as fibro-ostosis * In the cases in m Inch the patients 
Mere preaioush infected the paknosis and clouda SMclling resulting 
simulated malignanca particularh Mhen examination Mas made under 
high magnification (fig 4 and fig 11 \rcii Scrc \ol 19 pp 172 
and 202 lespcctneh) The paknosis resembled carh mitosis so oiten 
seen m sarcoma and the SMollen nuclei undergoing degeneration resem- 
bled the large pale nuclei seen m a malignant condition oi the bone Tiie 
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low magnification is perhaps moie reliable in ai riving at a tiustworthy 
conclusion When thus examined there was more loose fibrous tissue, a 
less cellular stioma and more nuclear debris than is seen in sarcoma 
under lowei magnification The giant cells present in these malignant 
variants were larger and more numerous and contained ovei 15 nuclei to 
the cell, which is not typical of osteogenic sarcoma Analysis under high 
power magnification of the large vesicular nuclei m these infected cases 
showed that often they were composed of seveial smaller nuclei which 
were undergoing clumping and losing the finer maikings of their formei 
stiucture, with the gradual formation of an amoi-phous mass 



Fig 10 (P N 32924) — The granulating wound of the tumor shown in figures 
7 and 8 

In anj case, theiefore, m which a bone tumoi containing frequent 
large giant cells ateraging over 15 nuclei per cell is seen with evidence 
of lound cell and polymorphonucleai infiltration and frequent areas of 
hemorrhage surrounded b> young loose fibrous tissue, the pathologist 
should be on his guard against making a diagnosis of sarcoma and wary 
lest the apparent malignancy of the nuclear material is in reality 
pjknosis and cloudy swelling dependent on infection and degeneration 
f Bloodgood ®) 

In table 2 there is one exception to this rule (P N 29327) The 
tumor m the lower part of the femur of a w'hite man, aged 19, w'as 


6 Bloodgood, J C Win Do Giant Cell Tumors Recur’ To be published 
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explored after sjmptoms of four months’ duration following trauma 
The original diagnosis u as giant cell tumor, but microscopic examination 
was not made, and the wound was allowed to become infected Sections 
from a curetting performed a jear later (fig 12 A) showed the 
mahgnant i ariant due to infection, but sections from a subsequent recur- 
rence which led to amputation one year later showed unquestionable 
osteogenic sarcoma (fig 12 5) The patient is alne and well six years 



Fig 11 (P N 32924) — Low power photomicrograph of the tumor shown m 
figures 7, S and 10 Iniection has occurred resulting in the so-called malignant 
1 ariant Pjknosis and cloudi swelling oi the nuclei resemble the cells seen in 
osteogenic sarcoma 


after amputation, but tins must be looked on m all probabilitt as an 
amputation cure in sarcoma \\ hen this case is compared w ith those m 
Section III of this paper, it warrants consideration as a case of sarco- 
matous transtormation m a giant cell tumor But the sections of the 
original exploration arc not atailablc and those irom the second obser- 
\ation are atipical and cannot be proicd to be benign, whereas the 
failure oi the Ic'ion to heal •’itcr micction might well haic stimulated 
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a second neoplastic piocess of saiconiatous natuie The inattei will be 
discussed further under the metastatic gioup of giant cell tumois This 
case was included in table 2 because the patient is living and is without 
signs of metastases 

Although the age of the patients, the clinical couise and the micro- 
scopic structure of the tumors in the two cases listed in table 3 are typical 
of a chondi oblastic form of osteogenic saicoma, giant cells aie present 
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IS Ining eight and a halt jeais alter curetting folIo\\ed by deep roentgen 
and radium implantation, in addition to eri sipelas and prodigiosus toxins 
(Colej ) 

In this last case (figs 13, 14 and 15) iihich is the ivell known case 
of Dr Bunts of Clei eland, the patient had a lesion in the upper part of 
the humerus i\hich Mas origiualh diagnosed sarcoma by most of the 
pathologists ivlio san the sections, mth a minorit} dissenting m faior of 
giant cell tumor Despite the fact that the siirinal of the patient has 
SMung the pendulum of opinion to a diagnosis of “malignant ^arlant’ 
ot giant cell tumor a stud} of o\er thirt} cases of similar microscopic 
stnicture shoMS the lesion to be a malignant grade of osteogenic sarcoma 
The cure must be ascribed to the i admin and loentgen treatments 



Fig 13 (P N 26792) — Roentgenognms of a lesion originalK diagnosed 
sarcoma and then gnnt cell tumor ot the so-called malignant rariant Upe which 
must now be classed as a form of chondroblastic sarcoma Xote the periosteal 
lipping at the lower margins ot the tumor and the fuzz\ periosteal reaction 
There is no maximal area of bone destruction immediateh beneath the cortex as 
m giant cell tumor The roentgenogram on the right shows radium implantation 
in the tumor 

Tlie form of “malignant ■variants’ shown in table 3, therefore, we 
believe subject to reinterpretation Under the microscope these tumors 
show a rapidh proliferating and earh form of cartilage cell which 
produces onh an abortive lorm of chondromatrix transformed here and 
there bv calcification (fig 14) The giant cell areas invading the tumor 
represent it would seem an attempt on the part ot the normal bonv 
structures to vascularize and resorb this malignant tissue bv a process 
tvpical ot the resorption ot normal calciivmg cartilage m the human 
embrvo ’ This point will be brought out again m this paper m disciissiiig 
metastatic giant cell tumors 'suince it to sav '’t this point tliat in 
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making a microscopic diagnosis of giant cell tumoi the pathologist must 
be on his guard, not only against labeling benign infected giant cell 
tumoi s saicoma, but also against calling this type of saicoma showing 
giant cell areas, a benign tumoi 

For the purpose of completing a differential diagnosis we shall 
revert briefly to the question of xanthoma variants of the giant cell 
tumor, since cei tain authors consider these among the malignant variants 
of giant cell tumor (fig 3) The view taken here is that the foam cells 



Fig 14 (P N 26792) — Low power photomicrograph of the tumor sho%\n in 
figure 13 Note that in addition to the giant cells, there is a cartilaginous matrix 
undergoing calcification in the upper portion of the picture which is better seen 
in figure IS 


are the result of a perforation of the bone shell, and in themselves indi- 
cate nothing more than that the tumor has reached the soft parts They 
signif) nothing m regard to the anaplastic tendencies of the tumor and 
are independent of its essential components 

In summarizing this stud} of the “malignant variants” of giant cell 
tumor, tv\o questions of long standing may be ans\vered First, what is 
tlie relation of the microscopic picture of a “malignant variant” to recur- 
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lence aftei curetting and second A\hat is the relation of the “malignant 
\anant of giant cell tumor to osteogenic sarcoma 

In ans\\ er to the first, it ma\ be said that ‘ malignant” modification 
in the microscopic structure of a giant cell tumor is usual!) the result 
and not the cause of recurrence When the ‘malignant ranant” struc- 
ture IS primari and recurrence results, metastasis is apt to follow, show- 
ing that in a few instances a genuine sarcoma has been masquerading 
under the false diagnosis of giant cell tumor 



Fig 15 (P N 26792) — High pow er photomicrograph of the cartilaginous area 
sho^^n in figure 14 This tjpe of cartilaginous matrix has neter been observed in 
aii\ of the benign giant cell tumors in our series of over 200 cases 


And on this score, in answer to the second question, of tlie relation 
ot such sarcomas to giant cell tumors we mat sat that the giant cell 
phase of osteogenic sarcoma is usuallt a secondart process in which 
giant cells are intading malignant areas of chondroblastic sarcoma in 
response to the abortite calcified cartilage present Here the car- 
tilaginous bone is pnmart and the giant cell areas secondart In bemgn 
giant cell tumor the giant cell areas are pnmart and are secondanlt 
intaded bt bone not of a cartilaginous tanett but of fibroblastic ongm 
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From the point of view, therefoie, of differential diagnosis, the question 
to be decided is the type of new bone foimation piesent The abortive 
chondroblastic type signifies saicoma 

III THE METASTATIC GROUPS 

Recently there has been an attempt to show that the typical giant 
cell tumor called benign may occasionally metastasize and produce death 
Stone and Ewing,"^ Goforth,^ and Finch and Gleave ® are among others 
who have published repoits of unusual giant cell tumois, apparently 
typical m stiuctuie, but peculiar in behavioi Gofoith stated that “an 
occasional case is met with, which although locally malignant, and in a 
few instances actually metastasizing, apparently does belong to the giant 
cell tumoi gioup” Similai statements are frequently occuning in the 
hteiatuie with illustiative case reports, and it would seem that there is a 
tendency for the pendulum to swing away fiom the moie fundamental 
contributions of Nelaton,'’ Paget and Bloodgood on the benign 
natuie of the giant cell tumoi 

Since the fountain head foi such statements on the admittedly 
unusual behavior of these tumors is to be found in the cases reported, 
the determination of then veiacity must be made by an analysis of the 
cases cited We have gatheied eight such cases fiom the liteiatuie 
and from the recoids of the suigical pathological laboiatoiy of the Johns 
Hopkins Hospital The value of the mateiial thus gatheied depends on 
the facts that we have the actual sections available for study on all of 
these cases kindly sent to us fiom various clinics, and that the eight 
cases analyzed subsequently repiesent the unusual membeis of a much 
larger senes from the clinics of New Yoik, Philadelphia, Chicago, 
Baltimore, Canada and England — in all a senes of well ovei 500 cases 

Two important conclusions stand out in analysis of this matenal 
First, in no case has a nodule of typical giant cell tumor ever been found 
in the lung, for wherever these metastatic nodules have been examined, 
they have shown the histology of osteogenic sarcoma (fig 21) Second, 
in no one case has the association of an onginally benign and typical 
giant cell tumor in the bone with a secondaiy metastatic osteogenic sar- 
coma m the lung been proved 

7 Stone, W S , and Ewmg, J An Unusual Alteration in the Natural His- 
torv of a Giant Cell Tumor of Bone, Arch Surg 7 280 (Sept ) 1923 

8 Tinch, E E, and Glea\e, II H A Case of Osteoclastoma with Pul- 
momr\ Jiletastasis, J Path & Bact 29 399, 1926 

9 Nelaton, E Tumcurs bemgnes des os. Pans, I860 

10 Paget, T Surg P ith , Philadciphn, Lindsaj I'v. Bhkiston, 1854, Lecture 27, 
p 446 

11 Bloodgood, J C Benign Bone C^sts, Osteitis Pibrosa, Ann Surg 52 145 
1910 
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These are the two fundamental points brought out subsequent!} 
On the whole, pathologists are agreed that regardless of their opmion 
as to the nature of the original growth the actual metastasizing lesion 
IS not giant cell tumor but an osteogenic sarcoma It ma} be taken as 
prored that a giant cell tumor found to be t}pical b} a competent 
pathologist IS safely treated conserr atn el} The question, therefore, is 
not whether a giant cell tumor will metastasize — it nerer does — but 
whether these grow’ths when the\ recur after improper treatment wall 
undergo malignant change and gi\e rise to osteogenic sarcoma This 
question has not been settled, but the eridence brought forth subse- 
quently w ould seem to answ er it in the negatu e 

The eight cases to be considered are re\ lew ed in abstract and divided 
into three groups All of the cases w ere studied in one or more phases, 
microscopically, by the authors All were followed chmcalh and all 
tenmnated m death In group 1 (two cases), careful inquiry into 
the nature of the deatli has shown the cause of the fatality to be other 
than neoplastic, and metastases w^ere erroneous!} considered to hare 
occurred In group 2 (four cases) the nature of the primary lesion 
was nerer adequately prored It was, howerer, eridentl} benign m each 
case, and was followed eventual !} — after an mteival of years — ^by a sar- 
coma with metastases In group 3 (tiro cases) the microscopic struc- 
ture, the brief clinical course and the nature of the death, all point to 
a primaiy sarcoma of bone erroneous!} diagnosed as a benign giant cell 
tumor 

The key to the anal} sis in this group of cases is to be found in a 
proper understanding of the fundamental pathologic processes of both 
giant cell tumor and osteogenic sarcoma in relation to the embr}'ologA 
of bone AVe consider the point well established that giant cell tumor 
tissue represents an exaggerated normal phase of the resorptn e (“osteo- 
clastic”) process in the production of bone from cartilage (Geschickter 
and Copeland ^) AA^e also will endeaior to show m a subsequent article, 
based on the study of 400 cases of osteogenic sarcoma that this group 
of tumors rehearses in its ^a^ous phases the embr}oIog} of normal 
bone, and therefore there will be present at times the osteoclastic or 
resorptive stage of temporary bone characterized b} tlie presence of 
giant cells It is thus evident wh} on further anal} sis supposedly 
malignant giant cell tumors so often turn out to be merely areas in 
w'hich a bone-forming sarcoma exhibits a resorptive phase marked b\ 
giant cells typical of the histogenesis of normal bone i la the cartilaginous 
route 

The first two cases (1 and 2) m group 1 were both erroneous!} 
placed in the metastatic group since on final anah sis it w as found that 
the patients died of causes other than tumor 
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REPORT OF CASES 

Cash 1 (P N 34402, fig 16, Dr W G Turner and Dr T R Waugh “) — 
Bone tunioi , giant cell, femut, lozvei end, left, metastatic (^) to femoial vein 
dead from pulmonaiy embolism 

Histoi y —Fvzxik W, a white man, aged 41, patient of Dr Turner and Dr 
Waugh, was admitted to the Royal Victoria Hospital, Canada, complaining of 
trauma which had occurred five months previously, after striking the left knee 
on a piece of stone Pain and swelling with limp had been present for four months 
and swelling of the thigh and groin for three weeks He was admitted to the 
orthopedic service of the Royal Victoria Hospital on May 31, 1922 



Fig 16 (P N 34402, metastatic case 1 of Dr Turner and Dr Waugh) — Giant 
cell tumor with spindle cell stroma in a venous thrombus occurring in the wall of 
the femoral vein at the groin Photomicrograph reproduced from the article of 
Dr Turner and Dr Waugh through the courtesy of the authors 


Examination and Course — The entire left leg was hard, edematous and swollen 
Roentgen examination shoved perforation of the bone shell, partial destruction 
of the epiph>sis and a tumor encapsulated bj periosteum The lungs were clear 
Roentgen treatment vas begun in March, 1922, and continued for six weeks 
On June S 1922, the leg was amputated at the hip joint Microscopic examination 
made bi Dr Bloodgood reiealcd giant cell tumor with spindle cell stroma in a 
thrombus The patient died six months after injurj On July 8, 1922, pulmonary 
embolism was found at necropsi, but no metasla^es of the lung were found 


12 Turner G and Vkaugli, T R Am Surg 78 846 (Dec ) 1923 
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Coiiniicnt — Venous ind pulmonan imohcment and death \\ere embolic m 
nature and not metastatic, to be ascribed to accidental causes and not to the 
malignant condition oi the tumor In all probabilitj the duration of sjmptoms 
a\as longer than was recalled b\ the patient 

C\se2 (P X 27291, figs 1 and 2, JCB No 10250, Dr P D Wilson) —Pone 
tumor, giant cell, radius, Io-llC end, recurrent, dead of cardiac failure at 70 
ycats 

History — Mrs K a white woman aged 6S, a patient of Dr P D Wilson, 
Boston, complained of pain and aching in the wrist of two or three montlis’ dura- 
tion, beginning in April, 1920 The pain was worse on motion 

Evamination and Course — The lower end of the forearm was swollen chieflj 
on the radial side and on the dorsum On March 23, 1922, roentgen examination 
showed the bone shell almost completeK destrojed and no trabeculae On June, 
1923, examination reaealed complete destruction of the lower part of the radius 
The first operation was performed on Julj 29, 1920 Partial curettement was 
performed A puttj-like material was remoaed Bleeding aaas profuse The 
aaound avas packed aaith gauze and drained, and roentgen treatment aaas begun 
On Nov 30, 1920, the second operation aaas performed bj Dr Simmons and 
Dr Wilson Tissue like current ]ell> aaas curetted There was no chemical or 
thermal cauterization at either operation Radium seeds were placed m the caaita 
and radium tubes at the aaound entrance On March 2, 1922, curetting aaas done 
and roentgen treatment aaas administered On Jul> 23, 1922, curetting aaas again 
performed On Sept 23, 1922, the arm aaas amputated 

The speamen remoaed at the first operation shoaaed tapical giant cell tumor 
The condition aaas diagnosed bj Dr Bloodgood The speamen remoaed at ampu- 
tation reaealed marked fibroblastic proliferation The condition aaas diagnosed 
sarcoma ba man}' pathologists On Oct 23, 1922, the condition recurred m the 
stump On Noa 23, 1922, the patient complained of pain in the back. On 
Dec 23, 1922, two a ears and eight months after the first sjmptoms occurred, the 
patient died of pneumonia (probabla pulmonarj metastases^) and cardiac failure 

Comment — The original tumor aaas unquestionablj a benign giant cell tumor of 
aahich sections are available (fig 1) Repeated recurrences can be ascribed to 
partial curettement m the first instance, the age of the patient and the marked 
destruction of the shell of cortical bone The seefaons from the amputated speci- 
men did not shoaa sarcoma, but a marked “healing reaction” characterized bj a 
proliferation of fibroblasts (fig 21) Death was the result of pneumonia and 
cardiac failure It should be noted tliat roentgen treatment after the first curette- 
ment did not present recurrence 

It wull be seen that the patient in case 1 reported by Turner and 
Waugh was showm at autopsy to ha\e died of pulmonari embolism 
The so-called venous metastasis was likewise a small embolus m the 
vein, containing giant cell tissue, followed bj thrombus formation as 
reported by Bloodgood after examination of tlie sections sent to this 
laboratov}’’ The patient in case 2, registered b} Dr P D M'llson w ith 
the Bone Registrj of the American College of Surgeons showed a 
primary tumor of the t^plcal giant cell \ariet\ and a secondarv change 
after four curettings and roentgen and radium therapi characterized 
b^ an abundance of loung proliferating fibroblasts The cause of death 
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on further investigation pioved to be cardiac decompensation with 
dyspnea and edema, followed by pneumonia, in a woman, aged 70 

In brief, these two cases were both in adults over 40, occurring in 
the lower pait of the femur and m the lower end of the ladius The 
fiist did not recur, but the second recun ed lepeatedly owing to incom- 
plete primary curetting, the destiuction of the bone shell and to the 
fact that the age of the patient was beyond the time when the healing 
power of the bone cell is capable of effective eftoit 



Fig 17 (P 1\ 40766 metastatic case 3 of Dr J L Goforth) — High power 
photomicrograph showing a giant cell area bordering on osteogenic sarcoma Sec- 
tions for photomicrography forwarded to the authors through the courtesy of 
Dr Goforth (specimen illustrated is from third operation) 

In group 2 there are four cases, clinicallj similar which include 
those reported by Dr Goforth, = Dr Finch and Dr Gleave, Dr Chatterton 
and Dr Flagstad, and one recorded in this laboratory by Dr Dean Lewis 

C\SE 3 (P N 40766, figs 17 and 18, Dr J L Goforth, case S) — Bone tumor, 
giauf cell O’) , tibia upper end, left, recurrent and vietastatic 
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Htstoiy — L G, I uliite mm aged 34, a patient of Drs Cooperman and Case, 
was admitted to the PoKcIimc Hospital, Philadelphia, with tlie complaint of 
trauma to the left knee one \ear pre\iousl\ (1916) and pain and swelling of three 
or four months duration 

Etaiinisatwn and CoiirJt — Roentgen examination in 1921 (before amputation), 
showed all the bones at the knee joint iniohed bone destruction and bone 
formation, the bone shell of the tibia gone and joint iniohement (resembled 
sclerosing sarcoma — Bloodgood) 



Fig IS (P JC 40766, metastatic case 3 of Dr J L Goforth) — Same tumor as 
shown in figure 17 The picture shows a cluster ot loam cells occurring m 
osteogenic sarcoma This tumor had perforated into the soft parts and 
metastasized 

Thorough curettement was done in 1917 followed bi recurrence In 1919 a 
second curettement was done with no cauterization again followed bi recurrence 
The patient used braces and crutches lor ten months In October 1921, the leg 
was amputated abo^e the knee 

No tissue was preser\ed irom the first or second curettements Tissue taken 
from the amputated specimen showed areas of true osteogenic 'arcoma along side 
of areas oi giant cell tissue (Bloodgoodl In A.ugu=t 1022 metastascs to 
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the chest were shown by roentgen examination Death occurred in November, 
1922, SIX years after injuiy Autopsy was not performed 

Comment — Dr Goforth agreed that the weak point in this case was the 
absence of tissue or sections from both the first and second operations There is, 
therefore, no proof of the identity of tlie first tumor The amputated specimen 
shows sarcoma The time elapsing before amputation would permit secondary 
sarcoma in an unhealed lesion There is also possibility of a slowly progressive 
sarcoma from the first 

Case 4 (P N 40768, fig 19, Dr Finch and Dr Gleave ®) — Bone tumo) , giant 
cell (f), fcmui, lowc) end, light, metastatic aftei cxploi ation and two pathologic 
fiactuies, lecmieiicc in stump aftei amputation 






A B 

Fig 19 (P N 40768, metastatic case 4 of Dr Finch and Dr Gleave) — /I 
Photomicrograph of a sarcomatous nodule m the lung showing small giant cells 
of the tjpc frequcntlj occurring m osteogenic sarcoma and at>pical of benign 
giant cell tumor Sections for photomicrography forwarded to the authors 
through the courtesj of Dr Finch and Dr Gleave B Photomicrograph of a 
sarcomatous nodule in the lung showing bone formation of tumor origin Tins 
demonstrates conclusnelj that the motasta/ing lesion was osteogenic sarcoma 


History — W B, a white man aged 49, a patient of Drs Finch and Gleave 
entered the Roval Infirmarj, Shefticld, England, complaining of pain in the right 
knee m 1915, injurj to “ligaments” in 1916, pathologic fracture in March, 191/ 
which healed after exploration and treatment, pain and swelling m 1919 In 19- 
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giant cell tumor was diagnosed, the original diagnosis being re\ised There was 
recurrent pain in December, 1924, and a second pathologic fracture in Januarv, 
1925 

Examination and Coitisc — In Januar 3 , 1925, roentgen examination showed th? 
bone shell perforated, fracture and some new bone formation (Gross specimen 
showed perforation of shell and much destruction of bone) The first operation 
was performed on !March 24, 1917 The site of the pathologic fracture was 
explored The condition w as diagnosed osteitis deformans The fracture healed 
The second fracture occurred on Jan IS, l‘>25 On Jan 21, 1925, a midthigh 
amputation was performed In Juh 1925, the sputum was blood stained Recur- 
rence in the stump occurred on Oct 2, 1925 



Fig 20 (P N 40874, metastatic case 5 of Dr C C Chatterton and Dr ^ E 
Flagstad) — ^High power photomicrograph of a section from tlie tissue of the 
second operation MicroscopicalK, this tumor must be classed as a form of chon- 
droblastic sarcoma Material for photomicrograph was made a\ailable through 
the courtes 3 of Dr Chatterton and Dr Flagstad 

No microscopic report on the tissue taken from the original tumor was 
available (Recurrence in stump and lung metastasis — sarcoma — Bloodgood ) 
On Jan 30 1926, eleien ^ears after the first s\mptoms, the patient died A.utopsi 
showed metastatic nodules m the lungs 

Coniniciif — ^There is no pathologic report on the first operation in March 1917 
Sections from the amputated specimen in 1925 showed sarcoma There is no 
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proof, therefore, of the nature of the primary tumor Nearly eight years elapsed 
before amputation There was ample time for a secondary growth to arise at the 
unhealed site 

Case 5 (P N 40874, fig 20, Dr C C Chatterton and Dr A E Flagstad, 
case 1 — Bone tumoi , giant cell (^), femui, lowei end, left, lecunent and 
metastatic 

Histoiy — \ ^\hite women, aged 30, a patient of Drs Chatterton and Flagstad, 
was first seen on Dec 4, 1920, complaining of pain of five years’ duration (since 
1915), and swelling for two years (since 1918) In June, 1920, a pathologic 
fracture had occurred Crutches were used thereafter There was limitation of 
motion at the left knee 

Evanunation and Com sc — In December, 1920, roentgen examination revealed an 
old fracture, a shell perforated and a trabeculated area of bone destruction (Chat- 
terton and Flagstad thought bone shell intact) On Oct 10, 1923, before amputa- 
tion, there vas complete destruction of the area about the old fracture with little 
new bone formation On Dec 5, 1920, curettement (partial) was performed 
Cauterization was done with phenol and glycerin, and a cast was applied Pain 
returned during September, 1923 On Oct 15, 1923, the leg was amputated at 
the midthigh because of severe pain and fracture 

Microsqopic examination of the amputated specimen of the recurrent tumor 
showed a condition diagnosed sarcoma (no note as to ^\ho diagnosed original sec- 
tions) On Nov 23, 1923, there was pleural effusion Bloody fluid was withdrawn 
by thoracentesis On Dec 4, 1923, eight jears after the first symptoms, the 
patient died 

Comment — There is no proof of the nature of the original tumor As the 
authors state “Error in diagnosis at biopsy in 1920 must be granted because the 
slides and gross (specimen) have been destrojed” The length of the clinical 
course suggests that either a low grade sarcoma or more likely a secondary 
growth at the site of the unhealed primary tumor may have accounted for the 
death of the patient » 

Case 6 (P N 31890, figs 21 and 22, JCB N 12425, Dr Dean Lewis) — Bone 
tumoi , giant cell (^), tibia, lowei end, left, lecuncnt and metastatic 

Hislon — C S, a white man, aged 35, patient of Dr Dean Lewis, complained 
of swelling and pain in the leg of seven months’ duration The tumor recurred 
thirteen months after curettement Roentgen examination showed a central, bone- 
destructne lesion of the epiphjsis, of the low'er end of the tibia The first opera- 
tion was performed by Dr Lewis in 1908 Curettement was performed The 
tumor recurred in the tibia about 2)4 inches above the original site The second 
operation was done by Dr Lewis in No\ ember, 1909 Amputation was performed 
Sections from the original curetting and from amputation were lost Dr Lewis 
said tint he believed the condition was t>pical giant cell tumor Sections from 
autops\ A.ug 1, 1916, following metastases to the lungs showed osteogenic 
sarcoma w itli giant cell areas, bone lamellae and bone marrow 

The patient died in August, 1916, eight jears and se\en months after the first 
sjmptoms Metastases to the lungs were demonstrated at autops\ 

Comment — All data and specimens relating to the original tumor have been 
lost Dr Lewis states that he has never reported the case for this reason, 
although he believes the initial lesion to have been a giant cell tumor Althoug i 

13 Chatterton C C md FI ig^tad \ F J Bone & Joint Siirg 9 113 
(Jan ) 1927 
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the -inipiitntion performed in 1909 the patient Ined for se\eii lears there- 
after suggesting the po<:<;ibilit% of a sIowK growing sarcoma 

In this group two ot these tumors were m the temur and two were in 
the tibia All ot these tumors recurred after initial operation in all cases 
the patients w ere o^ er 30 ^ ears of age at the time of amputation and in 
each case amputation was followed b\ pulmonaiw metastases either chni- 



Fig 21 (P X 31S90 metastatic case 6 of Dr Dean Lewis) — The photomicro- 
graph shows a metastatic nodule in the lung with small giant cells t\pical of 
osteogenic sarcoma The cellular stroma of the tumor is also characteristic of an 
earh phase of osteogenic sarcoma 


calh or microscopicalh demonstrated In all of these cases the duration 
of the mteraal between the first s\mptoms and death was oier si\ a ears, 
and in no case was the material trom the original lesion presorted so 
that microscopic confirmation of the nature ot the primart grow th could 
not be carried out at the time ot reporting the case The nature ot the 
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recuireiit giowth giving use to the metastases, liowe\ ei , has been studied 
by us in each instance, and is unquestionably osteogenic sarcoma In 
these foui cases, therefoie, we have a primary lesion of the leg, of unde- 
termined micioscopic natuie, unsuccessfully treated giving rise — after 
an inter\al of yeais — to a metastasizing bone lesion The long inter\al 
of time consumed by the clinical course of these giowths suggests that 
two sepal ate bone lesions, one supei imposed on the other accounted for 



Fjg 22 (P N 31890, metastatic case 6 of Dr Dean Lewis) — Another portion 
of the same metastatic lung nodule shown m figure 21 Here the tumor has 
progressed to mature bone formation showing highly developed bony lamellae and 
actual cellular bone marrow This highly differentiated structure is most unusual 
m osteogenic sarcoma, and must be attributed to the slow growth of the nodule 
which was evcised at the autopsy table six years and nine months after the original 
tumor had been amputated from the leg This sarcomatous nodule m the lung 
was, therefore, of approximately seven a ears’ duration 

the manifestations obser\ed The impoitant point to be emphasized is 
that sarcoma aiose in a bone at the site of a previous lesion that had 
failed to heal and that had been subjected to trauma and to unsuccessful 
operative piocedures Failure to heal can be attributed to the age of the 
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patients (o\er 30) and to the mode of treatment instituted The fact 
that sarcoma c\entiialh aiose at these sites has no bearing on the relation 
of the original lesion to the sarcoma, for squamous cell carcinoma has 
been known to occur in a draining sinus of chronic osteom\elitis for 
which the patient has been unsuccessfulh treated, and we hare obsened 
such caranoma m the unhealed sinus ot a giant cell tumor curetted ten 
\ears prcMoush Xo one would claim that the giant cell tumor in this 
case underwent carcinomatous transformation Thus m group 2 we 
hare four cases of osteogenic sarcoma arising secondarily at the sites in 
bone which were the seats of unhealed preaious lesions The nature of 
the original lesion is not known with certaintr In one case osteitis 
deformans was suspected at the time of exploration In the other cases 
benign giant cell tumor w as suspected 

Since sections from the original lesions are not a\ailable for micro- 
scopic study, the possibiht\ of a slowh growing sarcoma, present from 
the first must be considered In this connection it is significant that the 
form of osteogenic sarcoma present in these cases of recurrent lesions 
resembles a type of fibroblastic origin, which is usually slowly fatal and 
occurs generally m patients orer 30, as shown b\ a stud\ of OAcr fifty 
cases to be reported later 

In group 3 there are two cases one reported by Drs Stone and 
Ewing, and recorded in this laborator\ b\ Dr T A Dingman 

C-vsE 7 (P N 40872, fig 23, Dr Martin, Dr Cole\, Dr Stone, Dr Ewing") 

— Bone itimor, giant cell (^) , tibia, upper end, right, recurrent and metastatic 

History — J N, a \\liite man, aged 19, a patient at St Lukes Hospital and 
Memorial Hospital, New \ork Cm, noticed swelling, tenderness and pain in 
Febmarj, 1919 No histoiw of trauma was gnen 

Examination and Course— On June 29, 1919, roentgen exammation re\ealed 
the hone shell intact and a central area of bone destruction The first operation 
w as performed in Februaiw , 1919, curettement and cauterization w ith phenol bemg 
done In Julj, 1919, the second operation was performed, and 47 milhcunes of 
radium emanation was placed in the caMtv for forU -eight hours There was a 
sinus during the winter and fall of 1919 It gradualh healed without infection In 
A.pril, 1920, the sinus began to discharge On June 4, 1920, curettement was fol- 
lowed bv osteom\ ehtis On June 30, 1920 amputation was performed ilicro- 
scopic section from the original tumor was pronounced benign giant cell tumor b'v 
Drs Bloodgood, Wolbach, Alalloiw and Stewart of Leeds Drs Wood, MacCarti 
and Broder diagnosed the condition a malignant growth Tissue from the 
amputated stump showed sarcoma 

In Januar\ 1921 metastasis to the lungs was shown b\ roentgen examination 
The patient died on March 13, 1921, two lears and one month after the first 
s\ mptoms 

Comment— The age of this patient and the short clinical course suggest 
osteogenic sarcoma of the “chondroblasUc” n-pe which frequentlj shows a resorp- 
tn e giant cell phase The sections sent to us resemble this t% pe of sarcoma, as do 
the sections from the amputated specimen For compan=on with thirti-two other 
sarcomas of this ts-pe see section H 



746 


4RCHIVES OF SURGERY 


Case 8 (P N 35226, fig 24, JCB N 13714, Dr Dingmaii) — Bone tumor, 
giant cell tumoi (f), fennn, left, innci condyle above epiphysis, iccuricn' and 
metastatic 

Histoiy — E T, a white man, aged 16, a patient of Dr T A Dingman, 
Paterson, N J , struck his knee on the floor while playing basketball five weeks 
previously The knee became sore and painful after a week 

Examination and Cottise — Examination revealed slight swelling and definite 
tenderness over the mesial side at the inner condyle of the left femur No fluid 



Fig 23 (P N 40872, metastatic case 7 from Dr Stone and Dr Ewing) — 
Specimen from the fourth operation The microscopic structure shown is that of 
the chondroblastic form of sarcoma illustrated in figures 14, IS, 20 and 24 
Photographs reproduced from the article of Dr Stone and Dr Ewing through 
the courtesy of Dr James Ewing 


was present Roentgen examination showed an area of bone destruction beneath 
the cortex vith oi erring periosteal reaction The first operation was performed 
b\ Dr Dingman on April 4, 1924, curetting and cauterization with phenol being 
done A second operation \\as performed by Dr Dingman on April 19, 1924 
The old \\ound was reopened and cauterization was done with electricity On 
June 8, 1924, the leg was amputated bj Dr Dingman at the midthigh There was 
no recurrence m the stump 
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TissiiL nktn It liic fir^t ^luI •-ccoiul operations showed t\pical giant cell tumor, 
but %er\ Cellular (dngno'-cd In Dr Bloodgood 1924) The amputated specimen 
showed sarcoma with altered ciant cells On \ugust 16, blooda fluid was obmined 
b\ thoracentesis In September 1924, on roentgen examination metastases were 
seen to the lungs and pleura The patient died m September, six months alter 
the injurs 

Cowmcnl — \s in case 7, the clinical course and age suggest sarcoma Restudv 
of the sections show ‘chondroblastic sarcoma (section IV) 



Fig 24 (P N 35226, metastatic case 8 of Dr Dingman) —Low power photo- 
micrograph shoss ing a chondroblastic sarcoma undergoing calcification and sub- 
sequent s ascularization ssith giant cell insasion Sections from this case were 
originalK diagnosed giant cell tumor, but the patient died six months after the 
initial S 3 mptoms The section illustrated is from the second operation 

Clinicall}, these two lesions hate much in common Both occurred 
about the knee jomt, the tipper part of the tibia and the lower part of 
the femur In contrast to the other six cases the two growths were m 
xoting men, from 16 to 19 tears ot age— the period ot the maximum 
prohferatn e pow er ot the bone cell— the sarcoma age In both instances 
the course was relatueh briet with two or more unsuccessful curettings 
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preceding amputation, with death by metastases in less than a year after 
amputation in each case The two cases also present a similar micro- 
scopic picture The sections show aieas of lound and stellate chondro- 
blasts with a minimum amount of calcified matrix In the vascular 
regions neighboimg the calcified areas, giant cells are present represent- 
ing the typical lesorptive phase about calcified caitilage — in these 
instances in an abortive and malignant form As was shown by an 
analysis of osteogenic saicoma (m a foithcommg article), this type of 
“chondroblastic sarcoma” is frequently mistaken for other types of 
bone tumors, namely, round cell saicoma of bone and giant cell tumor 
In these two cases it is felt that the oiiginal lesion was a form of osteo- 
genic saicoma, and not giant cell tumor 

We may conclude from an analysis of these eight cases selected as 
avowedly metastatic fiom among hundieds of typically benign giant cell 
tumors that they are not strictly bona fide In no case has transforma- 
tion of giant cell tumor into saicoma been proved, and in no case have 
typical giant cell tumor nodules been found as metastases in the lungs 
In half of the cases a diagnostic eiroi was made, either m ascribing 
death from other causes eiioneously to metastases, or m failing to 
lecogmze the histology of the original lesion as sarcoma In the other 
foui cases, since mateiial fiom the oiiginal lesion was not saved for con- 
firmation of the diagnosis, theie is no proof that the original tumors 
were typical giant cell tumois, and not a low grade malignancy from the 
start, nor can it be contended that the giant cell areas m the final sar- 
comatous growths weie othei than a resorptive phase m osteogenic 
sarcoma without histologic connection with giant cell tumor The only 
plausible deduction is that m a few isolated instances an apparently 
benign lesion of bone, when subjected to unsuccessful treatment and to 
trauma, may by its failure to heal, piovide a fertile site for the subse- 
quent development of osteogenic saicoma The unhealed area of bone, 
and not the nature of the original lesion is the important factor 

IV OSTEOGENIC SARCOMA WITH GIANT CELLS 

Although osteogenic saicoma repiesents the largest and perhaps the 
most complex group of tumois of the bone, and cannot be dealt with 
adequately here, still for the purpose of clarifying some of the conclu- 
sions set forth thus far, we shall anticipate biiefly certain of the results 
of a study of these lesions to be published later, particularly those per- 
taining to osteogenic sarcoma with giant cells In spite of the "con- 
solidating” efforts of the Bone Registry and recent publications 
endorsed by the American College of Suigeons, we aie compelled to 
recognize on embryologic, histologic and clinical grounds, two broad and 

14 Kolodny, A Bone Sarcoma, Chicago, Surgical Publishing Company of 
Chicago, 1927 
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\\cU defined groups ot ovtcnmnic cireonn — the chondroblastic and the 
fibroblastic senes 

-\s nonld l>e‘ expteied on l«o!o"ic crotinds t!ie more primitive hpe 
ot chondrohhstic hone lornntion gnes rise to a more malignant and 
rapidh growing loim ot osteogenic sarcoma while the fibroblasuc senes 
which difrerentiatcs the osteoblast or permanent bone builder, has a 
longer a\eragc chnieal coni«e and a higher percentage of fi\e \ear cures 

Giant cell areas arc not primanh characteristic of either pipe of 
osteogenic sarcoma hut ma\ be found in both In the slower growang 
fibroblastic lejx: of osteogenic sarcoma particularK m those cases m 
which operation has been pcriormed unsuccesstulK and m which there 
ha\e been recurrences loci ot necrotic bone will be present and giant 
cells on a phagoc\tic errand will in\ade the tumor More frequent!}' the 
presence ot mam small giant cells in these tumors is to be explained 
b} a chemotaxis ot these phagoc}tes to the collagen proliferated bv these 
tumors which acts as a loreign bod\ The abundant sarcomatous tissue 
'\ith immense plump spindle cells containing \esicular and Inper- 
chromatic nuclei should pre\cnt contusion m making the diagnosis 

As will be gathered from the toregoing discussion of the malignant 
\ariants, and metastatic groups, it is a chondroblastic fonn of osteogenic 
sarcoma which more otten leads to confusion m microscopic diagnosis 
(fig 14) Four tumors classed as either malignant ^arlants or metas- 
tatic giant cell tumor were found erroneoiish labeled as giant cell in 
origin and were rediagnosed as a form ot chondroblastic sarcoma 
M'hen we compare these four tumors with twent\-nme other cases wuth 
similar clinical and microscopic features among the sarcomas, we find 
such a rediagnosis ampK justified 

Re\aewed as a single group, these thirt} -three cases present remark- 
ably uniform features M ith three exceptions all occurred within the 
narrow age limits of from 14 to 20 Also wuth three exceptions, all are 
in the lower extremities with a penod of s}mptoms a%eraging less than 
six months, and an aierage duration of life after operation of less than 
eleven months Two of the four hMng patients ha^e survned currette- 
ment eight and a half i ears and one } ear respectl^ eh The otlier tw o 
are living, twehe and tour months after amputation Hence we can 
say that clinicalh this is a most rapid and malignant form of tumor 

On roentgen examination the lesion generall} shows a central area 
of bone destruction near an epiplnsis wnth an earh periosteal reaction 
(fig 13) Under the microscope there is seen an assortment of poh- 
hedral and angular cells w ith large w ell defined nuclei w hich are in 
reality chondroblasts This is proved b\ scant} areas of tvpical car- 
tilaginous matrix laid down m a scattered tashion here and there 
undergoing calcification — an abortiie attempt at producing temporan 
or substitution bone When occasional areas ot this aborti\e calafied 
carblage are being ^ ascularized and resorbed b\ giant cell osteoclasts 
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accoiding to the usual embryologic process for substitution lione, the 
giant cell tumor will be simulated It is just such areas that lead to an 
erroneous diagnosis of giant cell tumoi, leadily corrected by examination 
of the chondioblastic areas with small foci of calcified and uncalcified 
matrix Heie the malignant phase of the tumor is the rapidly 
proliferating chondroblast, which laiely reaches in even an abortive 
form the stage of calcified cartilage The healing or reactive phase is 
represented by the attempt on the part of the normal bone to resoib the 
calcified cartilage by osteoclastic prolifeiation (giant cell areas) prepara- 
tory to filling in with compact “fibioblastic” bone Unfortunately, 
such a healed stage is never leached, but the pathologist may see just 
enough of the reactive giant cell phase to diagnose the lesion incorrectly 
as giant cell tumor 


Table 4 — Siimnimy of Ticalincnt m Tzvo Hunched and Font teen Cases 

of Giant Ceil Tunioi 


Primarj amputations 


30 cases 

Primarj leseetions 


34 cases 

Curetting only 


71 cases 

Repeated curetting for recurrence 


16 cases 

Curetting plus amputation for recurrence 


5 cases 

Curetting plus resection tor recurrence 


10 cases 

Curetting plus amputation tor intcction 


3 cases 

Resection plus amputation 


2 cases 

Evploration onlv 


13 cases 

Operation refused 


9 cases 

Roentgen theraps only 


5 cases 

Ro treatment recorded 


16 cases 

Total number of cases 


21J cases 

Total curettings 


105 cases 

Recurrent cases 


SI cases 

■Metastatic ’ cases not included in above 


S cases 


V THE TREATMENT OF GIANT CELL TUMOR 

Since the effective contributions of Bloodgood to the Ameiican 
hteratuie of giant cell tumor in 1910 and 1912,^® the progiess in tieat- 
ment has been steadily towaid inci easing conseivatism Amputation, 
then lesection and then curettement have prevailed as the treatment of 
choice, and now roentgen theiapy alone is being advocated by some 
The 214 cases forming the basis of the present study depict this evolution 
in treatment, these cases lecoiding the various forms of therapy piac- 
ticed since 1896 (table 4) 

15 We believe this view, that the giant cell areas in chondroblastic sarcoma 
are a product of normal reacting bone, nearer the truth than the supposition that 
the> are a further stage m the malignant osteogenesis of cartilaginous bone by the 
sarcomatous chondroblasts Since v\e can observe the death of the chondroblasts 
with the formation of the calcified matriA., we do not see how the> could survive 
to initiate the giant cell phase, as a further malignant product The fact that 
giant cells are more numerous at the tumor margin at the site of normal reactive 
bone also supports this view 

16 Bloodgood (footnotes 4 and 11) 
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Pnwajv Tuatnicnl — Among the pnmarj forms of treatment are 
listed amputation icsection, curettcment exploration onh, roentgen 
therapi onh and no treatment b\ theplnsician Of these rarious torms, 
curettement has been used most Irequenth, although apparent cures 
hare resulted in all six tjpes listed Excluding the alleged metastatic 
group and a few isolated giant cell tuinois of the skull and rertebrae 
(dangerous because of location) mortahtr either from treatment or 
trom the tumor itselt has been exccedingh rare indeed — less than 1 
per cent 

Amputation was the primarr operation in thirtr cases and although 
one third ot these cases were explored before amputation, and twentr 
had shown perforation ot tlic bone shell prior to operation, there were 
no recurrences, no operate e deaths and no patient died of tumor In 
half of these cases the patients hare remained well from ten to twentr 
rears and orer, but in spite ot these uniformlj' good results, the sacrifice 
of the limb m the first instance is rarel} justified Hardly erer is the 
lesion so adranced that the function of the limb is berond restoration, 
and eren rrhen pathologic fracture has occurred, it must be remembered 
that the majoritr of these heal rrith appropriate treatment Particularlr 
in the upper extremitj the conserration of the limb or eren one of its 
minor members is rrorth} of trial 

Resection rras performed as the initial procedure for relief in thirt}- 
four cases There rrere no deaths from either the operation or the 
tumor, and if rre except an excision of a tumor in the lower jarr, 
recorded as resection, and a similar case m tlie radius, there rras not a 
single recurrence In fire cases a portion of the bonr shell rras 
destroyed before operation, m three pathologic fracture had preceded, 
and in three other cases, there had been prernous exploration Here 
again the mode of treatment rras usually needlesslr radical, and in fire 
cases inrolving the tibia and trro mrolrung the femur in rierr of the 
functional results, curettement follorred b} cauterization rrould hare 
been preferable Preliminan roentgen therap) rras not resorted to in 
a single instance in this group, and in mam , the age of the patient and 
the extent of preserration of the bone shell farored treatment br 
curettage Resection is permissible, it rvould seem, in adranced cases 
or in cases of elderly persons rrnth imolrement of the fibula, radius or 
ulna, although in eleren cases in the ulna, in w^hich the patients rrere 
treated by curettement, there rras not a single recurrence 

In 105 cases primar} curettement rras the mode of treatment The 
condition in thirty-one of these cases recurred (tables 1 and 2) One 
patient died of a tumor m the r ertebrae and another grew progressir elr 
rvorse after partial curettement of a giant cell growth in the sphenoid 
bone Seren patients became secondarilr infected after the first or 
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second curettement, necessitating amputation in thiee instances Sev- 
eral of these infections followed radium implantation into tlie wound, 
a postopeiative procedure which has been pioved to be ill advised in this 
group of tumors Although it cannot be determined from the records in 
exactly how may instances, thermal or chemical cauterization followed 



Fjg 25 (P N 26091) — Gross specimen of a giant cell tumor amputated after 
two unsuccessful curettings Note the destruction of cortical bone at one side 
of the tumor 

curettement, it can be safel} stated flora this study that recurrence was 
more frequent in the group in which no cauteiization was employed 
In Mew of this fact, and m consideration of the fact that the patients in 
sixteen of the thirty-one recurient cases were cured b> a second or even 
third curettement it ma} be stated that curettement properly per- 




Gi.scinchi I R-(.o^'u i\n—on\i clll nuoR 


753 


formed m eirtfiilh •'oltctul ta'-cs is imqiicstionabI\ the treatment ot 
choice (fiqb 25 and 2(1) 

Pimnri roentgen ticaimcnl without operation was emploied in fi\e 
cases — three Ime been lollowed and are In mg less than fi\e }ears, tins 
mode of ther.ipi being too rceent to judge at present m regard to the 
ultimate result m these cases W hen postoperatn e roentgen treatments 
ha\e been gi\cn in certain instances the\ ha\e not preiented recurrence 
and would seem to lie ol no particular benefit Vs Bloodgood has pointed 



Fig 26 — Photomicrograph made troni section taken from the specimen shown 
in figure 25 This giant cell tumor has not altered its tipical structure despi 
the two preMOUS operations 


17 The method adiocated Bloodgood consists of 

lowed by cauterization with pure phenol subsequentlj Se eketn^ 

alcohol A SO per cent zinc chloride solution - 

cautery or soldering iron mai be substituted for chemical cauterization. 

18 In a case recenth obseried in a woman, aged 31, prehmmaiw treatment 

had been gnen for six weeks for a giant cell tumor j,*" 

radius with intact bone shell the'^lesLn haring been unmflu- 

adranced, completeh destroring the shell of bone tne lesion 

enced b\ the roentgen treatment 
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out, roentgen theiapy, when compaied to pioper curettement, is more 
uncertain, often moie piolonged, and does not offer the benefits of 
microscopic diagnosis in doubtful cases 

Nine patients lefused operative treatment, and of these, seven cases 
have been followed two aie dead (one of hemorrhage), three are 
living ovei five yeais and two are well less than five yeais Here there 
is a considerable risk of eithei crippling or death, and prompt treatment 
m new of the good lesults obtained in the majority of cases would have 
offered much to these misguided patients had they availed themselves 
of surgical seivice 

Secondary Tieatment — When cuiettement or excision has been fol- 
lowed by recuirerice, the problem of the secondary treatment of giant cell 
tumor ai ises Experience shows that little can be expected from 
roentgen therapy and moie undesirable results may follow radium 
implantation into the wound If sections or tissue are available from 
the original opeiation, they should be submitted to a competent pathologist 
for confirmation and check on the diagnosis of the primary growth If 
not, the recuirent tumor should be leopeiated on when there is an 
opportunity foi one familial with the micioscopic appearances of this 
group of lesions to pass on the fiozen sections at the time of operation 
In any event, an attempt should be made to reevaluate the benign or 
malignant character of the growth If the lecurrence is benign giant 
cell tumor, further curettement may be tiied if the lesion is m the femur 
01 tibia, and if the age of the patient and the degree of preseivation of 
the bone shell wairant it In the fibula, radius, ulna or humeius, resec- 
tion IS advised 

Should the lesion be rediagnosed saicoma, amputation followed by 
deep roentgen ray is warranted, since one fii e-year cure in this series 
was apparently achieved under such conditions The ciux of the matter, 
of course, lies in an accurate pathologic diagnosis 

SUMMARY 

Forty-one cases of giant cell tumor showing clinical oi microscopic 
evidence of malignant tendencies have been analyzed In the clinical 
group, twenty-six cases recurring after primary curettement were 
studied Recurrence in this group was found to depend not on histologic 
structure, but on a poor selection in the type of treatment applied in the 
individual case or on an incomplete operation Advanced destruction of 
the bone shell, incomplete curettement, failure to use chemical or thermal 
cauterization or needless sacrifice of cortical bone at the operation, as 
well as an age over 35, were found to be factors predisposing to recur- 
rence after curettement 

In seven cases showing a microscopic resemblance to malignancy, the 
histologic change was usually found to be the result and not the cause 
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oi tliL rccunciut Ikiiii; clciKiKkiit on intenening infection, necrosis 
or nn iLcciUintc d hcnlnig rciLlion loilowing iir'idiation In t\\o cases, 
actual ''aitoim with ciant cclk were touncl to be erroneousK placed in 
tine group 

Eight ca^te ot eo-ealled metaetatic giant cell tumors collected tromthe 
literature and Iroin the emgieal pathological lahorator) ot the Johns 
Ilopkine Hospital ha\e been reeiewed and abstracted In no case were 
the metastatic nodules m the lungs composed ol tjpical giant cell tumor, 
and m no case was an original tumor ot prosed benign giant cell struc- 
tuie tound associated with death from metastasis In four of the cases 
a diagnostic error was made cither m ascribing death from other causes 
erroncoiish to metastascs or in failing to recognize the histologa of the 
original lesion as sarcoma In the other four cases, material from the 
original lesion was not sased for confirmation of the diagnosis — and 
thcrctore the possibilits was pointed out that these might base been 
slow’h growing osteogenic sarcomas present from the first or secondan 
sarcomas arising at the site ot an unhealed lesion in bone 

The differential microscopic diagnosis of giant cell tumor has been 
discussed, and a short summars of the diagnostic features of osteogenic 
sarcoma with giant cells included 

A. rcMCw of the results ot aarious tapes ot treatment m oaer 200 
cases of giant cell tumoi has been presented 



THE EMPTYING OF THE GALLBLADDER FOLLOW- 
ING RESTORATION FROM ACUTE EXPERI- 
MENTAL CHOLECYSTITIS ^ 

GEORGE T MURPHY, MD 

AND 

GEORGE M HIGGINS, PhD 

Division of Experimental Surgery and Patholog^, the Ma\o Foundation 

ROCHESTER, MINN 

Many im estigators in the field of physiology of the gallbladder 
maintain that the emptying mechanism of the gallbladder is a complex 
one associated with many interrelated factors Others, m the light of 
experimental data, are inclined to emphasize the primary significance 
of a contiactile mechanism within the wall of the gallbladder Undoubt- 
edly there is a fundamental factor which contiols this physiologic 
process, and yet one which is so closely involved with other secondary 
factors that an exact evaluation is often difficult Copher, Kodama and 
Graham (1926)^ stated that the dilution and interchange of bile are 
factors influencing the mechanism by which the gallbladder empties 
Other experimental observations have shown that the gallbladder may 
distend or lecoil, reactions which are entirely independent of an active 
contractile mechanism ^ It is probably true that the abundant elastic 
tissue wnthm the wall of the gallbladder increases the effectiveness with 
which the smooth musculature operates It has been shown, too, that 
the passive mechanical emptying of the gallbladder is influenced by the 
tonicity of the muscle bundles at the ampullar end of the common bile 
duct Nevertheless, the preponderance of the experimental observations 
on the gallbladder, either visualized with iodized oil or by diiect observa- 
tion, shows that changes in the vesicle following the ingestion of a meal 
rich m fat are due to active intrinsic muscular contraction ^ Graham 
and his colleagues maintained that although there are many experimental 

* Submitted for publication, Dec 10, 1929 

1 Copher, G H , Kodama, Shuishi, and Graham, E A The Filling and 
Emptying of the Gallbladder, J Exper Med ii 65, 1926 

2 Burget, G E The Regulation of the Flow of the Bile HI The Role 
of the Gallbladder, Am J Physiol 81 422, 1927 

3 Boyden, E A The Effect of Natural Foods on the Distention of the Gall- 
bladder, With a Note on the Changes in Pattern of the Mucosa As It Passes from 
Distention to Collapse, Anat Record 80 330, 1925 Higgins, G M , and Mann, 

F C Obseriations on the Emptying of the Gallbladder, Am J Physiol 78 
339, 1926 McAIaster, P D , and Elman, Robert On the Expulsion of the Bi e 
b 3 the Gallbladder and a Reciprocal Relationship with the Sphincter Activity, 

J Exper Med 44 173, 1926 Whitaker, L R The Mechanism of the Gall- 
bladder, A.m T Phisiol 78 411, 1926 
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data to \\ irraiit the as'-ertion tint the contraction ot an intrinsic 
musaihtiirc docs occur tiic question of pnmar} importance is whether 
or not these contractions alone are suftkient to empte the aesicle 
Graham had preeioush noted “Shadows ot diseased gallbladders were 
toiind, 1)\ cholec\ stograpln not to change in sire when the pathological 
changes in the wall were moderatcK adeanced This tact indicated that 
the fibroiiiuscular laeer ot the wall had lost its distensibilite and power 
ot contractihte Doubtless, too the nialtunctionmg ot the contractile 
mechanism prc\cnts normal contraction ’ With these clinical obsena- 
tions 111 mind one ot us (G T M ) undertook an experimental stud} 
ot the acuteh inflamed gallbladder in dogs, noting especialle the response 
following the ingestion of the uMial test meal ■* The conclusions armed 
at III his stud} rather definiteh substantiate the Inpothesis of a con- 
tractile gallbladder, in that the acuteh inflamed gallbladder does not 
empt} m the usual wa\ following the fat meal Histologic eeadence 
shows that m these experimental mflamniator} reactions the entire wall 
of the gallbladder is ineariabh iinohed, so that the muscular la}er of 
the -vesicle has lost its power to contract It seems evident, therefore, 
that the factors causing a normal gallbladder to empt} following a fat 
meal he within the wall of the vesicle itselt and not witliout For m 
these experimental animals, all other factors, such as intra-abdominal 
pressure, respirator} pressure or secretor} achvitv of tlie liver fre- 
quentl} credited to the mechanism activ e in the empt} mg of gallbladders, 
are unimpaired 

Since It was evident that tlie acutel} inflamed gallbladder did not 
empt} following the usual test meal, vve were interested to know whether 
the ability to respond to the fat meal had been restored m an animal 
after restitution from such acute experimental cholec}stitis 

TECHMC 

Acute pathologic lesions of varving degrees were produced within 
the walls of the gallbladders of a series of dogs follow ing the intrav enous 
injection of an acid solution of hypochlorite (Lorrain Smitli) (eusol) 
identical with that emploved b} one of us (G T ) in 1929 in his 
original study Eusol is prepared bv placing 12 5 Gm of sodium 
hypochlorite and 12 5 Gm ot crjstalline boric acid m 1 liter of 
distilled water The preparation is filtered through filter paper twelve 
hours later and is then read} for use Approximate!} 20 cc of the 
solution for each kilogram of bod} weight was injected into the jugular 
vein in from one to three injections The animals were then explored 
under ether anesthesia with aseptic technic, and the extent of the 

4 Murph\, G T The Effect of \cute Experimental Cholec-i =titis on the 
EmpUing of the Gallbladder This article vmII appear in a tuture issue ot the 
Archives of Sergerv 
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pathologic lesions was caiefully noted and lecorded Figuie 1 is typical 
of the geneialized lesion which involves a large part of the fundus of 
the gallbladder The fibromusculai layer is especially involved, and the 
hemoirhage extends also into the elastic and subepithelial regions The 
mucosa, however, is usually not involved From four to six weeks later, 
under ether anesthesia, a second exploi ation was made The gallbladder, 
which at the earlier laparotomy had shown marked cholecystitis, was 
now without visible lesions, and it was evident, at least giossly, that 



Fig 1 — Wall of an acuteh inflamed gallbladder, the vesicle did not contract 
following a meal of egg-jolk and cream, excessive hemorrhage throughout muscle 
la^er is shown (X 125) 


restoration had taken place Accordingly, in order to test the emptying 
of the vesicle, the gallbladder was aspirated through a pursestring 
suture of blood vessel silk, and an equal amount of iodized oil uas 
introduced into the viscus From six to eight hours later the animals 
were given the usual amount of egg-yolk and cream, and roentgen 
observations were made at frequent intervals thereafter Six dogs com- 
prised the series of animals which forms the basis of this report 
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KoLiilycii M^KlIc^ Oil tliL uiiptxm" ol tlic gallbhddcr in these experi- 
iiKiit.vl nniiiuK lollowini: re'-litution from acute cholecystitis did not 
rc\tai npprccnitic diticrciiccs in tlic itaction trom the behacior ot 
the nornnl "allbladdei lollownnj a tat meal Ml ot the si\ animals 
com])ri‘.me: the '•cries which ind shown marked cholecystitis at the first 
lapirolomy si\ weeks bclorc now ga\e roentgenologic eMdence of 
cmplMiig within thirt\ minutes attcr eating (fig 2) The degree of 
cholecNstitis rccogni/'cd at the first laparotonn did not appear to bear 
am relationship at this time to the extent to which the gallbladder 
emptied In all animals irrcspcctue ot the original lesions, the mscus 
discharged its contents m a normal manner so that the emphing of 



Fig 2 — \ senes of cholec\ stograms ot a gallbladder six \\eeks after the 
de\elopment of acute experimental cholecj stitis a before the feeding of egg-iolk 
and cream 6, fifteen minutes alter feeding c tliirt\ minutes after feeding , if 
one hour after feeding r, two hours after feeding and / three hours after feeding 

the gallbladder, after restoiation had taken place did not appear to be 
influenced by' the extent of the earlier lesions Furthermore, if we are 
to judge by' the extent of contraction manitested by the amount of 
iodized oil in the duodenum and common bile duct there appears to be 
a close similarity' m the tunctional actnity of these gallbladders after 
restoration of a normal tunic has taken place Furthermore there does 
not appear to be any significant difference in the emptc mg time ot 
the gallbladder betw een the normal animal and these experimental dogs 
in which restoration had taken place following acute choleci stitis 
Cholecy stograms ot the normal control animals following a fat meal 
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are generally similar to those obtained in animals following restoration 
Six weeks after the development of the-lesions there was no indication 
in any animal of this series that the function of the emptying mechanism 
of the gallbladder had been permanently impaired Furthermore, his- 
tologic examination of the wall of the restored gallbladder did not show 
a residual lesion that could modify in any way the contraction of the 



Fig 3 — ^Wall of a restored gallbladder, six weeks after the development of 
acute cholecj stitis , the gallbladder emptied following a meal of egg-yolk and 
cream (x 100) 


intrinsic muscle layer In some sections hemoi rhagic exudates were still 
visible, but they were not extensive and no doubt were without effect 
on the discharging mechanism (fig 3) 

COAIMEXT AND SUM AI ARY 

These experimental observations are of value for several reasons 
In the first place, thcA show the rapidiU with which the acutely inflamed 
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galllihddtr nn\ lx. u-torid to i tinictiomlh tionnal condition Within 
troni loin to "^ix link'' iitor the dciclopincnt ot acute clioleci stitis b} 
llic nUnicnoti': intcction oi cii'-ol the Icsionc had practical!} cleared up 
and botli niacro-copKaih and mtcro'-copicaih a normal condition ot 
the "allbladdcr wa^. rc'^torcd With siicii restoration there was an 
accoinpatninq: return at tiinctionai actniti, at least as tar as abihn to 
contract and tinis to cnijiti tollouing the tat meal is concerned 

Acutclx mflanitd gallbladders do not empt} following the usual test 
meal This we bchc\c must be due to a disturbance within the wall 
ot the gallbladder and not to other extraneous ph%siologic tactors 
Animals with acute experimental cholecrstitis are otherwise as a rule, 
m good health Then ordinarih lap their meal of fat and we ha\e 
no reason to supjio'-c that the normal digestu e and assimilatu e faculties 
are in aii} seii'^e disturbed The injected solution appears to be specific 
for the gallbladder for we haie not identified lesions elsewhere tliat 
were induced bi the injections According!}, we belieie that the inabilitt 
of the gallbladder to empt} is due to the intense inflammatori reaction 
which ordinaril} iinohes the entire wall of the gallbladder, including 
the musculans la}er, thus inhibiting its power to contract 

When these gallbladders ha\e been restored to a health} condition 
and the infiammator\ reaction has cleared up, a discharge of bile from 
the gallbladder inianabl} follows the ingestion of the fat meal Normal, 
functional tissue has apparentl} been restored, an intact muscular la}er 
IS reestablished, and the \esicle ma} again respond to the factors, 
whether of a hormone-hke nature or not, which incite the ACSide to 
discharge its contents 

These studies, therefore, seem to substantiate our earlier observa- 
tions, and those of other workers, in the field ot phisiologs of the 
gallbladder, that the primar} mechanism causing the discharge ot bile 
from the gallbladder lies within the reside itself In experimental 
animals wnth acute cholec} stitis, so tar as w e are able to determine all 
other conditions are normal Peristalsis goes on the flow of bile 
remains undisturbed and we hare no reason to beliere that the spliinc- 
teric mechanism at the duodenal end of the common bile duct is under 
unusual tonus, inhibiting the florr of bile from the gallbladder Cer- 
tainl}, abdominal or respiratory pressure does not differ in these animals, 
and thus we beliere that the structural mechanism within the wall ot the 
gallbladder, known to be seriouslr impaired m these experimental 
animals is the factor largelr responsible tor the inhibiton action in 
cholecystitis Accordinglr, m the light of these experimental obserra- 
tions on both normal and abnormal gallbladders in dogs the normal 
gallbladder undoubtedlr empties by a contractile mechanism within the 
wall of the reside, and the diseased gallbladders do not emptr because 
this contractile mechanism has become senoush impaired nnkmig its 
usual response to the inciting stimulus impossible 



GOITROUS ENLARGEMENT OF THE THYROID 
GLAND DUE TO AMYLOIDOSIS 

WARREN C HUNTER, MD 

AND 

DEAN B SEABROOK, MD 

PORTLAND, ORE 

In generalized amyloidosis, deposits are not uncommonly found in 
the vessels of the thyroid as well as in other organs, but the quantity 
IS rarely sufficient to produce enlargement of the gland or in any other 
way to give evidence of its presence during life Little mention is made 
in the literature of amyloid goiter or localized amyloidosis of the thyroid 
without demonstrable deposits elsewhere The rarity of the condition 
together with its interesting clinical and pathologic manifestations war- 
rant the recording of further instances 

REPORT OF A CASE 

Histoiy — Mr H N, aged 54, entered St Vincent’s Hospital on the service 
of Dr T M Joyce on March 3, 1929 The patient had noticed an enlargement of 
his thj roid gland for two years before admission, but no symptoms had developed 
until the last three months At the time of entry, these consisted of dysphagia, 
dyspnea on exertion and an uncomfortable sensation of pressure in the neck 
He said that he had not had a cough, fever and night sweats or any other com- 
plaint, which was surprising in view of the physical observations 

Evaviinatton — Examination revealed a small asthenic person, with a blood 
pressure of ISO systolic and 90 diastolic, a temperature of 99 2 F, and a pulse 
rate of 84 beats per minute He had a definitely enlarged thyroid gland, which 
was rather soft and somewhat irregular The physical signs of a moderately 
advanced tuberculosis in both upper lobes were present and were substantiated by 
roentgenologic studies and examination of the sputum His basal metabolic rate 
was within normal limits The remainder of the examination gave negative 
results, with the exception of a secondary anemia , hemoglobin, 65 per cent , 
erj throcj tes, 4,250,000, and leukocytes, 9,000 The Wassermann reaction was 
negatn e 

Opeiation and Cowse — Operation was advised in spite of the active tubercu- 
losis, because the pressure on the trachea was becoming intolerable On March 4, 
1929, a bilateral partial lobectomy was performed, and the isthmus was divided to 
insure relief from tracheal pressure The gland vas quite large and of most 
unusual appearance It was yellowish white, of the consistency of soft butter, 
and uas practicall> avascular 

The postoperative course was uneventful The patient changed his habits as 
far as he a\as able, in order to increase his resistance to the tuberculous infection 
He appeared to be getting along well in No\ ember, 1929 

' Submitted for publication, Dec 10, 1929 

♦From the Department of Pathology and Surgcr%, Unnersitj of Orgeon, and 
the Pathological Laborator\, St Vincent’s Hospital 
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It mv t\i(kiu jrniii thi jicculnr ippcinncc "ind the tb«cncc ot \iscuhnt\ 
tint We were (inline wttii i ei^ncI in wlncii >inmc iinu'tni process was taking 
place aiui tlin was borne out in tiie pathologic studies 

Three niontlis tollowinc du roidectoine the patient was gnen intraeenousK 
Ola Gin ot Cirnhlcr s coneo re-d dee Colorimetric c\aminatioii ot the plasma 

withdrawn from the \em ot the arm one lioiir alter injection showed an 

alisorption ot oiih 22 per cent ot tlic dec Tins indicated an absence ot appreciable 
amounts ot anieloid m oreans otlier than the tluroid gland since 60 per cent or 

more of the d\e iinist disappear troni the blood stre im betore the test can be 

regarded as clmicalle signiiicant ot amsloidosis 



Fig 1 — Low power photomicrograph of thjroid gland which was stained 
with hematONslm and eosin Notice the great reduction in the number of ahoeh 
with marked distortion and the extensiee and diffuse am\loid infiltration 


Pathologic Stud^ — Gross Examination The specimen consisting of the 
greater part of each lateral lobe of the thjroid weighed 248 Gm The lobes 
sured 3 5 ba 7 bj 11 cm and 3 bj 4 bj 11 cm respectiaeh Externa h, toth 
were smooth, regular in outline and coaered ba a thin fibrous capsu e e 
parenchjTna cut aaitli unusual ease, and the surfaces so made aaere di use a ae 
loaaish brown, soft and looked not unlike fat Colloid was scanta, with onia 
occasional pinpoint to pinhead sized glassa collo.d-contam.ng areas scat- 
tered here and there throughout the gland The trabeculae were not widened 
and no nodules aaere obseraed The gross test for amaloid, made ba placing por- 
tions of the gland in compound solution of iodine lollowed ba placing them m 
dilute sulphuric acid gaae a strongla positiae reaction 
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Microscopic Examination Sections from -various parts of the gland revealed 
a most striking alteration in its structure The acini vvere greatly reduced in 
number Those that remained, while usually fairly large and filled with colloid, 
were almost without exception flattened, elongated or even stellate-shaped The 
colloid was vacuolated, and embedded in it were degenerating desquamated 
epithelial cells In most of the acini the cells were flattened or cuboidal, but 
they occasionally showed slight papillary infolding The most outstanding change, 
however, was the enormous amount of homogeneous hvaline-hke substance which 
everywhere lay between and widely separated the alveoli from each other Buried 
in this substance were clumps of cells which appeared to be the flattened atrophic 
remains of alveoli Mixed with the homogeneous material were groups of oval or 



Fig 2 — High power microphotograph of a part of the same field shown in 
figure 1 The aheoh are compressed and irregular due to the abundant amyloid 
substance laid down between and around them Note also the flattened atrophic 
acinar epithelium 


rounded vacuolar spaces having the histologic structure of fat cells In a number 
of sections there were small areas of active fibroblastic proliferation, lymphoid 
cell collections, and what seemed to be either degenerating remnants of acinar 
cells or pseudo-giant cells Such foci occurring m tissue from a tuberculous sub- 
ject suggested the possibility of tuberculosis, but the absence of epithelioid cells 
and caseation necrosis together with the well recognized fact that closely grouped 
degenerating alveolar cells mav resemble giant cells made this unhkelv In 
methj 1-v lolet preparations, the hyahne-like substance stained a deep red, thereby 
proving the presence of an extensive amyloid infiltration With this stain it was 
found that the amjloid completely filled most of the interalveolar vascular spaces 
and obliterated all save the larger vessels, and these too showed a moderate su 
endothelial amvloid infiltration 



765 


//fN/zA’-s/ IhROOK— IM] LO!D GOI 1 LR 

ruliolocii. nnt,niisis I |i(. jntliologic (Ingno^is wn-: mirkcd diftitse 
inuioidovic; ,)i tilt tlnr.nd ^hiid with nlroplu nnd dcgtnerition ot the tinroid 
pTrtiiclnnn (Tnitloul tnitc-l 

tOMMI \T 

The re'll or ippirtiu riiitt ot 'imtloid goiter it, shown b\ the paucitt 
ot reportt, in the literature Prior to 18^7, onh fifteen instances * were 
on recorel Peters - could find onl\ ten authentic cases up to 1S98, to 
which he added eleien ot his own In thirteen ot the fifteen instances 
mentioned In 'slot tel there was i gcncrah7ed .umloidosis occurring m 
the iircscnce ot sueh diseisLs as tuberculosis, sephilis or a malignant 
disease to explain the annloid tonnation \m\loid was present m other 
organs as well as m the iluroid gland in all ot Peters’ cases The 
ajiparent rant} ot annloidosis ot the theroid gland ma\ be due to a 
tailurc of workers to record their obsenations Osgood" saw two 
cases among 400 selected autopsies m Erdheim’s sen ice On the other 
hand the case reported herein was the first encountered m approxiniateh 
3 500 operations on the tlnroid gland m the clinic of Dr T Joece 

Von Eiselsberg’s ■* account ot a siphihtic man who, because ot a 
histor} of rapid enlargement ot the theroid gland came to operation 
with the clinical diagnosis ot a probable malignant condition is of 
unusual interest V'hile remonng the supposedl} malignant gland, a on 
Eiselbcrg noted a striking lack ot bleeding although the patient s circu- 
lation was good The ligatures about the aessels of the gland cut 
through, but still hemorrhage did not occur and the man made an 
uneaentful recoaer} except for samptoms that maa be interpreted as 
parath}roid tetana The goiter aaas remarkabl} brittle, bacon-hke and 
pale }ellowish Sections stained aaith gentian aaolet gaae a definite 
ani}loid reaction The acini aaere sparse, aaith an abundance of amaloid 
betw een them The blood a essels, aa hich could be found onla alter long 
search, contained no blood and shoaaed ‘ colloid” degeneration of their 
aaalls The obliteration of the aascular apparatus adequatela explained 
the lack of bleeding encountered during the operation on Eiselsberg 
could find no other instances of amaloidosis which had produced com- 
pression of the trachea Stoftel’s patient with coexistent carcinoma and 
amyloidosis of the tharoid gland experienced respirator} difficulta from 
pressure stenosis of the trachea Stoffel stated that most of the aimloid 
lai in the interstitial tissue and that Iittie was present in the blood "vessel 
w alls 

1 Stoffel, Edda Lokales Amvloid der Schiiddruse, t'lrchows Arch f 
path Anat 201 245, 1910 

2 Peters, W Ueber einem •\ni\Ioid-Tuinor init ^fetastasen, Inaug" Dis^er- 
tation, Tubingen, 1901 

3 Osgood, E E Persona! communication to the autiior^ 

4 Von Eiselsberg F Leber emem Fall \on Amvloid-Kropt Arch f khn 
Chir 73 649 1904 
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More recenl}'^, Ipland ’ recorded three instances of geneialized amy- 
loidosis in tuberculous subjects showing marked infiltration of adenomas 
of the thj roid gland while the remainder of the gland was comparatively 
free Observations of amyloid depositions in adenomas of the thyroid 
gland appeared to be even more rare than those of diffuse am}loidosis 

SUMMARY 

1 An instance of advanced am 3 doidosis of the thyioid gland pio- 
ducmg enlargement of the gland and symptoms of pressure stenosis of 
the trachea is reported 

2 Chionic pulmonary tuberculosis, the most common cause of amj^- 
loid formation, adequately explains its presence in this case 

3 The results of the congo red absorption test indicate that the 
patient did not have a widespread amyloidosis 

4 The present study confirms the observation of previous investi- 
gators that in the thjroid gland amyloid substance is deposited chiefly 
in the vascular intei alveolar spaces 

5 Amyloidosis of the thyroid gland is seldom encountered m surgi- 
cal practice The nature of the process may be suspected or diagnosed 
at operation by the bacon-like oi fatty appeal ance of the gland and 
distinguished from a malignant process by the almost complete lack of 
hemorrhage during the course of the opeiation 

5 Ipland, H Ueber Amyloid in Adenomen der Schilddruse, Frankfurt 
Ztschr f Path 16 441, 1915 
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llic c\tciisi\c ii'-c ol locli/cd oil nccorclin" to the method introduced 
b} Sicard and Forcstier,' in the roentgenographic imestigation of 
chronic pulinoinrv ‘iiippurations has shown an unsuspected trequenc} 
of bronchiectasi'' It has brought about a separation of this disease 
from tuberculosis chronic einp%ema with bronchial fistula chronic 
bronchitis and e\cn trom sonic lorms of astlima, but, on the other 
hand, it has also shown how otten these conditions are associated wuth 
bronchial dilatations 

1 he most important contribution of this method ot im estigation has 
been that it has permitted tracing the disease from its earliest terms, 
when clinical simptoms and simple roentgenograms gne no mtormation 
whateier, and has established the tact of the great frequenci ot the 
disease m childhood following measles, scarlet feeer and especially 
chronic inflammation of the paranasal sinuses Sauerbruch- has e^en 
maintained that a great number ot bronchiectases are due to congenital 
cystic dilatations of the bronchial tree 

It has thus come to be recognized that bronchiectasis is a common 
pulmonary disease Hedblom ® considered it as frequent as tuber- 
culosis , Hamilton * stated that from 25 to 50 per cent of the patients 
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sent to sanatoimms for tuberculosis have bronchiectasis, and Ochsner •' 
found that 95 per cent of patients with chronic bronchitis with per- 
sistent cough show bronchial dilatation in roentgenograms taken follow- 
ing the injection of iodized oil 

Twenty per cent of all cases of chronic tuberculosis (Landis) and 
10 per cent of cases of tumor of the bronchi or lungs, foreign bodies 
(Jackson ®) or extrinsic compressions of the bronchi are complicated 
by bronchiectasis This shows not only the great frequency of the 
disease, but also the variability of its clinical forms As Brunn and 
Faulkner ^ stated, the term "bronchiectasis” must no more bring to 
mind the picture "of a hopeless patient with pasty septic look, harassing 
cough, clubbed fingers and copious foul expectoration and one whose 
obnoxious breath practically ostracizes him from human association ” 
Bronchiectasis “is a very chronic disease, beginning frequently in early 
childhood, with symptoms of only moderate severity, extending over 
several years and perhaps nevei reaching the ultimate stages classically 
ascribed to it ” 

CLINICAL FORMS OF BRONCHIECTASIS 

From the foregoing consideration it is obvious that the treatment 
of bronchiectasis may be a variable proposition because of the wide 
variety in the evolutional phases and clinical forms of the disease It 
IS theiefore indispensable for a dealer conception of the treatment to 
distinguish in bronchiectasis a number of clinical varieties, as follows 

1 Bronchitic foim (Ochsnei in which none of the classic 
symptoms of bronchiectasis is present, the bronchial lesions are slight 
and the parencbj^ma of the lung is healthy Only roentgenograms taken 
following the injection of iodized oil reveal the disease 

2 Early uncomplicated bronchiectasis (Hedblom in which 
bronchial lesions are definitely present, but are still limited to the 
bronchi No pneumonitis is found in plain roentgenograms In the 
roentgenograms of the bronchi there are seen cylmdnc or saccular 
dilations of the bronchi, clubbing of the fingers is present, but there 
IS no foul sputum, or fever or loss of weight The lesion is generally 
unilateral or at least more accentuated in one lung and more particularly 
in one lobe 

5 Ochsner, Alton An Unappreciated Cause of Chronic Bronchitis, J A 
M A 93 188 (July 20) 1929 

6 Jackson, C Chronic Nonspecific Infections of the Lungs — ^Their Bron- 
choscopic and Esophageal Phases, J A M A 87 729 (Sept 4) 1926 

7 Brunn, H , and Faulkner, W B , Jr Bronchiectasis, Am Rev Tuberc 
19 191, 1921 

8 Hedblom, C A Uncomplicated Unilateral Bronchiectasis Late Results 
of Extrapleural Thoracoplash , Arch Surg 14 389 (Jan) 1927 
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3 Complicated bronchiectasis \Mth more or less ad\anced pneumo- 
nitis oi e\en small multiple bronchiectatic abscesses, corresponding to 
the classic form ot bronchiectasis (foul sputum, persistent cough, a 
more or less septic appearance, intermittent fe\er, loss of weight and 
markedly clubbed fingers are present) 

4 Bronchiectatic abscesses, found unilobar, unilateral or diffuse 
according to the distribution of the disease 

Besides these forms, which depend on the patholog} ot the disease, 
one must distinguish clinical torms according to the age of the patient 
and according to the e\olution of the lesions 

Guibal m an excellent monograph on the subject, described as 
found in the loung, besides the congenital torms already spoken of 
other clinical Upes 

1 Acute brondiiectasis, which ma\ appear in the course of whooping cough 
or measles and disappear without leaMng an\ sequelae 

2 Latent hronchiectasis, chronic in its e\olution and onli re\ealed h\ acute 
exacerbations 

3 Chronic bronchiectasis, which should be likened to the chronic form ot adults, 
and which responds to surgical treatment 

In the adult, two forms are obsert'ed 

1 Latent bronchiectasis with acute episodes, which is compatible for a long 
time wnth good general health 

2 The chronic form 

Gutbal raised an important question when he asked whether there 
are an acute and a subacute bronchiectasis Oftentimes, cases have been 
reported in which, after an acute pulmonary" disease, pneumoma or 
bronchopneumonia, abundant expectoration and signs of small cavitation, 
lerified bt operation, hat e developed (Kammerer Frankel and Korte,^^ 
Delbet and others) These lesions generally heal rapid!} after 
pneumonotom} or collapse therapy (Roux-Berger, Guibal) Aschner 
belieted, and Guibal concurred in the opinion, that in these cases there 
is a “suppurative pneumonitis” wnth small abscesses det eloped m the 
parenchtma of the lung and not real bronchiectatic lesions There is 

9 Guibal, M L Sur le traitment chirurgicale de la dilatation bronchique 
chronique quatre observations personnelles, Pans Masson & Cie, 1924 Bull et 
mem Soc nat de chir 1 312, 1924 

10 Kammerer F Operation for Bronchiectasis Ann Surg 49 865, 1909 

11 Frankel A and Korte W Gegenw-artiger stand d Lungenchirurgie 
Verhandl d Berl med Gesellsch 43 25 1912 

12 Delbet, P Sur les decollements pleuropulmonaires Bull et mem Soc nat 
de chir 47 400 1921 

13 Aschner, P tV The Pathology of Lung Suppuration Ann Surg 1 321 
1912 
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no doubt that clinical observation shows a close lelationship between 
pathologic conditions of the upper and lower parts of the respiratory 
tract Acute coryza, sinusitis and tonsillitis are often accompanied by 
pulmonary signs or even the flaring up of old pulmonary lesions, 
although the intermediate section of the respiratory tract presents no 
change The fact has been stiessed by A Miller of New York, in his 
teaching, that m old foci of tuberculosis evidenced by only a few dry 
rales an acute condition may develop under the influence of acute 
coryza or sinusitis, but that it will readily clear up following the heal- 
ing of these inflammatory lesions of the upper pait of the respiratory 
tract In the same way, bronchiectasis m its eaily stages is greatly 
improved or even heals following treatment for sinusitis and tonsillitis 
and a sojourn m a dry, hot climate I venture a suggestion that acute 
bronchiectasis might be due to acute lymphangitis of the broncho- 
pulmonary and intrapulmonary lymphatic system, Ijanph nodes and 
lymph cells aggregates Both, as is known, are located in the angles of 
division of the exti apulmonary and intrapulmonary bronchial tree, down 
to the divisions of the respiratory bronchioles and alveolar ductules 
As Lerche pointed out, it seems probable that then enlaigement might, 
by a compression of the respiratory tubes, produce nai rowing of their 
diameter and impairment of their free drainage Incomplete bronchial 
obstruction and bronchial stasis would lead to signs of acute bronchi- 
ectasis, which would subside with clearing up of the initial infection and 
the subsequent decrease m size of the lymph nodes It is easily under- 
stood how repeated infections of the uppei pait of the respiratory 
tract may lead to chronic adenopathy, and furtheimore to a spreading 
of the infection from the lymphatics to the musculo-elastic element of 
the bronchioles, thus leading to their permanant enlaigement and chronic 
inflammatory changes of the surrounding parenchyma This hypothesis 
on which experimental investigation is now actually being carried on 
could gne the key to the progressive nature of bronchiectasis and to 
its different clinical forms 

OUTLINE OF TREATMENT 

The distinctions in form that have been mentioned are certainly 
schematic, for bronchiectasis is a progressive disease which, if left alone, 
tends gradually to pass from one form to the other m the great majority 
of cases 

It IS not the aim of this paper to discuss the general treatment of 
bronchiectasis I shall remark only that in the bronchitic form a care- 
ful examination and treatment of the paranasal sinuses associated with 

14 Lerche, W Infections of the Lymphnodes of the Bronchnl Tree, Arch 
Surg 16 338 (Ian ) 1928 
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h}gienic measures, a hot dr} climate and postural and bronchoscopic 
drainage in ill in a number ot cases check the progress of the disease 

In the second form, the earl} uncomplicated bronchiectasis, besides 
these measures, a therapeutic compression of the lung should be con- 
sidered, the parenclnma of the lung is still compressible and collaps- 
ible Pneumothorax, phrenicectom\ or e\en thoracoplast} associated 
\Mth postural and bronchoscopic drainage of the bronchi and anti- 
spirochetal treatment, nhen necessar}, ha\e gi\en mam satisfactor} 
results (Hedblom®) It is obiious that these suggestions apply 
especiall} to cases of unilateral bronchiectasis I do not say exclusn eh 
because it has been shonn that in cases of bilateral bronchiectasis m 
■which there is a cleaicut predominance on one side, the less affected 
side IS greatl} improied hy treatment of the more affected side (see 
case 1) 

In the third, or adianced, form ot bronchiectasis with pneumonitis 
and multiple bronchiectatic abscesses, it the general condition of the 
patient allows, there is but one curatne treatment, and this is the 
surgical exeresis of the diseased portion of the lung b} lobectom} 
(Sauerbruch,^ LilienthaP^ Robinson,*® Brunn *' and others), cauten, 
pneumectomi (Graham or extenorization and ligation of theimohed 
parench}ma of the lung (Zaaijer,*® Whittemore and others) 

I wish to emphasize the point that bronchiectasis is a chronic and 
slowl} progressne disease and is amenable to progressne treatment 
Moreoier, clinical and experimental work has commced me that the 
treatment in stages as outlined, should be applied as well to adianced 
cases of bronchiectasis, thus* preparing the ground for the terminal 
stage, or surgical exeresis of the diseased lung I am commced that 
by this progressne treatment not onh will indications of lobectom\ 
become less frequent but w hat is more, the present prohibitn e mortalit-s 
following this operation will be markedl} decreased One should keep 
m mind that in the progressn e forms procrastination is perhaps a more 

15 Lilienthal, H Pulmonao A.b'icesses and Bronchiectasis, A.nn Su-g- 
59 855, 1914 Resection of the Lung for Suppuratwe Infections -with a Report 
Based on Thirti-One Operatue Cases “^nn Surg 73 257, 1922 

16 Robinson, S The Surger\ of Bronchiectasis Including a Report or Fue 
Complete Restorations, I Gniec &. Obst 24 194 1917, The Resection of Lobes 
of the Lung, J A. M 69 355 (Aug 4) 1917 

17 Brunn, H Surgical Principles L’nderhing One S*age Lobectomi. , Arch 
Surg 180 490 (Jan) 1929 

18 Graham, E A Cauter\ Pneumectonw to- Chronic "suppuration oi die 
Lung A Report of T\\ent\ Cases, Arch Surg 10 392 (Ian) 1925 

19 Zaaijer I H Zur Therapie der Bronchiektasitn Deutsche Zt-chr i 
Ciiir 200 17, 1927 Surger\ ot the Oesophagus and Lungs Lancet 1 909, 1929 

20 hittemore \V The Treatment ot Ch'omc Suppuratne Bronchiecu, * 
Ann Surg SG 219, 1927 
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dangerous piocedure than radical surgeiy, that, if one is obliged to 
Opel ate, this is bettei done while the general condition of the patient 
IS still good, while the myocardium, the liver and the kidneys are still 
in good condition, and before there develop too many pleuropulmonary 
adhesions which may offer insurmountable technical difficulties for 
operation If I am tempted to advise gi eater boldness for the internist, 
I should urge the thoracic surgeon to conservatism I do not mean by 
conservatism that one should lefrain from opeiatmg On the contrary, 
one should and one certainly will operate in the futuie much more 
than one does now I mean that one must not forget that thoracic sur- 
gery IS the only branch of surger}’^ in which the mere approach to the 
oigans concerned involves an immediate and dangerous disturbance of 
the functions of respiiation and circulation For this reason, one should 
become more acquainted through experimental and clinical investigation, 
with the normal and pathologic physiology of these functions, as yet so 
incompletely known Moreov'er, one should saci ifice the brilliancy of one- 
stage operations for the gi eater safety of graded ones, above all, one 
should adjust one’s operative procedures to the resistance of the patient, 
pieferably doing much less each time than a little moie than what the 
patient can withstand In other words, I am a firm believer in graded 
operations, which, especially m bionchiectasis, have the great advantage 
of gradually iinprovmg the condition of the patient, as will be shown 
in the remarks to follow 

Graded Lobectomy — By graded lobectomy is meant the technic by 
which the patient is purposely prepared for the exeresis of the diseased 
lung, by systematic use, in the order given, of pneumothoiax, 
phrenicotomy, giaded thoracoplasty and, in some cases, ligature of the 
corresponding branch of the pulmonary arteiy Several authors have 
leported cases in which lobectomy was performed after thoracoplasty 
because the latter procedure did not cure the disease, but it has not been 
carried out, to my knowledge, purposely as a preliminary measure to 
lobectomy Sauerbruch reported six cases m which lobectomies per- 
foimed after ligation of the pulmonary arterial branch did not cure the 
disease None of these patients died, all had bronchial fistula, fiv^e 
were clinically cured and one impioved It is interesting to note that 
the same author -- reported four cases of lobectomj in one stage, with 
four deaths Hedblom^" advocated graded thoiacoplasty in the treat- 

21 Sauerbruch, F Chirurgie der Brustorgane, ed 2, Berlin, Julius Springer, 
1920 

22 Sauerbruch (footnote 21, ^ol 1, p 588) 

23 Hedblom, C A Graded Thoracoplasty for Unilateral Bronchiectasis, 
■Wisconsin :M J 21 48 (July) 1922, Graded Extrapleural Thoracoplasty in the 
Treatment of Diffuse Unilateral Bronchiectasis, Arch Surg 8 394 (Jan) 192 , 
footnotes 3 and 8 Hedblom, C A , and Head, J R Use of Lipiodol m Rela- 
tion to Thoracic Surgen, Ann Surg 85 194 (Feb) 1927 
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ment ot bronOiiectasis In three of these cases, m -rthich the condition 
was rehe\ed but not cured, he perfonned a secondar}’’ lobectomy m t\\o 
stages In one definite cure followed, m the other, the patient died a 
w eek alter operation, and m the third the patient died during operation 
while traction was being exerted on the pedicle of the lung Krause, 
Heidenhain, Archibald-^ and de Quer\ain reported similar cases, with 
a successful outcome Hedblom - concluded “Primarj lobectomy and 
cauter} extirpation are not to be recommended on account of the high 
post-operatn e mortalit} and the frequenc}' of residual bronchial fistula 
Secondar} lobectoni} or graded canter}’- extirpation, when indicated, 
following thoracoplast} and phremco-exeresis should proie relatnel} 
safe and liiglih effectne" Zaaijer is the onh author who adiocated 
as successn e stages phrenlcectom^ , thoracoplast} tlioracotom} and 
liberation of the diseased lung from adhesions, follow ed b} packing, and 
as the last stage, resection of the im oh ed lobe by elasbc ligation of the 
bronchus He remarked that “each of this senes of operations ma} 
result in a clinical cure and each prepares for the following one and 
renders it less dangerous ’ 

Against the view s of these authors, one finds Sauerbruch - Lilien- 
thal,-= Tuffier, Batzdorf , Garre, Robinson and more recently Brunn 
(with SIX lobectomies followed b} five postoperatne recot eries), who 
with more or less resen ation are in fat or of one-stage lobectomt 
Whitteinore used to operate in one stage, but because of the high 
mortality (five of six operations resulting in deaths) abandoned one- 
stage operation and instead of resecting the mtolted lobe, now exteri- 
orizes it and fixes the pedicle to the tvall after resection of three nbs and 
allotvs it to slough aw'ay He has had four postoperatne recoveries 
in fi\e cases in which this operation was done 

Although a few of the authors mentioned haie obtained with one- 
stage lobectomy encouraging results m a limited number of cases, it is 
certain that the total mortalit} of one-stage lobectomy is still about 
55 per cent, as is shown in the accompan}ing table 

Sauerbruch-® found in the literature to 1911, 123 reports of “pneu- 
motomies” with a total mortalit} of 25 per cent, cures, 33 per cent 
impro\ ements, 6 per cent, and no iraproi ements, 27 per cent His 
personal statistics to 1920 gii e a mortalit} of 44 4 per cent This 
shows that there is no improiement in the results of lobectomy, and 
although these results are still encouraging in new of the seierity of 
the disease according to Lihenthal, one should admit that the} explain 

24 Archibald, E , and Brown \ L Danger ot Introducing Iodized Oil 
into tile Tracheo-Bronchial Si stem I M 4 88 1310 (4pril 23) 1927 

25 Lihenthal H Stati-tics in discussion ot Hedblom (footnote 3 p 1390) 

26 Sauerbruch (footnote 31 %oI 1, p 5S3) 
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the hesitation of the internist and the suigcon in adMsing this operation 
and carrying it out, paiticulaily in cases of little advanced bronchiectasis 
If one compares vith these figuies the results in lobectomies per- 
formed in several stages, one finds Saueibruch’s fi^e cases vith no 
deaths, Guibal’s one vith no death, and Conllos’ two iMth nr deaths 
If one compares the results m cauteiy pneumectom}, one finds Gra- 
ham’s forty-five cases, ■with freedom fiom s3'mptoms after three }ears 
in 69 per cent, lmplo^ement in 7 per cent and deaths in 24 
per cent, Whittemoie’s six cases with one death, and Hedblom’s three 
cases 'wath two deaths Considering these figui es, one must concede that 
something is wrong with the technic of one-stage lobectom} 

It will be interesting to discuss the causes of the deaths following 
lobectomies and study the “pathologic ph3'-siology” of this operation, if 
I may use this teim, and see if theie is an3'^ liossibiht3’^ of improving the 
results thus far given 63^ it 
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THE “pathologic PHYSIOLOGV’’'’ OE LOBECTOMY AND THE 
CAUSES or DEATH 

Death during or shortly after lobectomy can be ascribed to (f) 
shock, cardiac failuie (mechanical or reflex) 01 pleural shock, (2) 
embolism (an 01 septic) , (3) hemoiihage during and after operation, 
(4) increased intrapleural pressure during the first days following 
operation, by pneumothorax or intrapleural fluid, (5) septic pleurisv 
and (6) septic mediastinitis 

Shock — Under the general teim of shock in lobectomies, one 
should consider inhibitoi3’^ phenomena of difteient natuie and oiigm, 
of w'hich lead to the ariest of cardiac function Most often they are 
pureh mechanical The heart in bronchiectasis, uitli putrid bionchial 
exudate stagnating in the bronchi, geneiall3'’ presents a inoie 01 1^^® 
adA anced toxic m3 ocarditis Pi oof of this is given by the tachycai dia of 
tlie patients M'hen the chest is opened, especially nhen there are no 
marked pleuropulInonar^ adhesions (as is often the case), a collapse of 
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the cot 1 esponcliug lung occurs and with the suppression ot the tentila- 
tion, suppiession of the pulmonar} circulation results Thus, the back 
pressure into the light side ot the heart increases and an extra burden 
IS thrown on the heart Often the heart is able to withstand this extra 
w ork, but It IS impossible to determine m adi ance how long its resistance 
will last Another factor, equally impossible to gage m adiance which 
increases the cardiac strain, is the mobiht} ot the mediastinum ]\Ie}er-' 
said that 50 per cent of persons liaie a steadi mediastinum, and one 
thoracic cai ity can be opened w itliout disturbing the respirator}"- function 
ot the other cavit} Unfortunate!} , one does not know m ad^ ance w ho 
these fortunate 50 per cent are A mobile and fluttering mediastinum, 
after tlie opening ot one thoracic cant}, causes an encroacliment on the 
r entilation and circulation of the healthy lung, w Inch is already hampered 
by the position of the patient l}mg on the health} side of the chest 

As Eloesser remarked m his paper on prehmmari artiflcial pneu- 
mothorax, the danger is not onl} m the sudden collapse ot the lung 
When one uses positive pressure and artificial!} expands the lung or, 
especiall}, if the patient coughs during operation, “sudden inflation and 
sudden collapse produce sudden rariations m the rolume of blood that 
IS throw n into and sucked out of the heart and both are equally terrif} - 
mg in their effect” on the cardiac function This “suddenness” is a 
dangerous element in operations in an open chest 

Besides the mechanical effect on the heart of the ^ ariations m the size 
of the lungs, there is a nenous effect Through the \agi there is an 
interrelation between the movements of the lungs and the cardiac 
function MoreoAei, some inexplicable deaths with sudden arrest of 
the heart after even slight traction on, or manipulation of, the pul- 
monary pedicle, ma} be due to an inhibitor}^ cardiac reflex transmitted 
through the vagi Sauerbruch,-® Hedblom (1927) and Eloesser,"® 
each reported one death due to such a cause 

Emhohsm — Cough during operation is another cause of death often 
ascribed to shock During the gasping inspiration preceding and follow - 
ing parox} smal cough, the mouths of pulmonar} r essels are opened, and 
air and infectious material are easily forced into them under great 
pressure Moreover, as Eloesser rightl} remarked, the parox}sms of 
coughing aspirate and insufflate exudate and septic material from one 
part of the lung to another and may obstruct a big bronchus of the 

27 Me^er, ilh On Bronchiectasis Tr •km S \ 32 592 1914 Ob'Cm-a- 
tions on Lung Suppuration and Its Treatment, Arch Surg 5 o61 (June) 1923 

28 Eloesser, L Prehminari Artificial Pneumothorax in Operations on the 
Open Chest, Arch Surg 14 439 (Jan ) 1927 

29 Sauerbruch (footnote 21 \ol 1 p 3SS) 

30 Eloesser (footnote 28 p 443) 
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healthy lung (as in the cases ol Beriy and cause immediate death by 
bronchial reflex oi obstiuctive atelectasis oi delayed death by infection 
of the healthy lung 

Embolism may be connected with the much discussed “pletiial leflex” 
or pulmonary reflex oi pleural eclampsia Lihenthal did not admit 
the existence of the lattei, consideiing that in the cases leported the 
leal cause was an embolism Hedblom,"^ on the other hand, leported a 
case in which he had pui posed to peifoim a second stage extrapleural 
thoracoplasty for bronchiectasis He had just opened the old incision 
■without touching the lung when suddenly the patient went into con- 
vulsions, the pupils dilated and the patient became intensely cyanotic 
but giadually levived I have seen two similar attacks The fiist 
occtined dm mg a thoiacoplasty, second stage, preliminary to a pioposed 
lesection of a cancel ous esophagus, which was done with the 
patient under spinal anesthesia Theie weie sudden convulsions, 
a comatose condition, dilated pupils and cyanosis The patient died 
forty-eight hours later At autopsy, no air oi othei embolism oi 
hemonhage was found m the brain The second attack occurred in a 
young woman with an abscess of the light lowei lobe Thoracotom> 
and a fiist stage cauteiy pneumectomy had been peifoimed eight 
days previously with the patient undei infiltiation anesthesia, without 
the slightest trouble At the second stage, just after the packing ivas 
taken off, she had an attack of generalized convulsions, lapid pulse, slight 
cyanosis, dilated pupils and coma This lasted five minutes and was 
followed b> a second one, fifteen minutes later, of the same duration 
The loss of consciousness lasted about two houis, she came out of the 
coma giadually and completely She had nevei had any attack like this 
previously, noi wcie theie any theieaftei Was this a mere coincidence^ 
At the time, I thought of a hysterical paioxysm, but my other case and 
the case mentioned by Hedblom made me think that here is a condition 
that is not yet undei stood Eloesser reported a case m which a sudden 
arrest of the heart followed clamping of a bleeding bianch of the 
pulmonary artery near the hilum In that case, an extreme dilatation of 
the right side of the heart was found This leminds me of what some 
times happens m experimental work m the chest of the dog Often the 
heart allows brisk manipulation, such as the introduction of an instru- 
ment through the left auricle or ventiicle, wuthout any distuibance of its 
function At other times, with the same kind of aitificial lespiiation, 
the same anesthetic (iso-amyl-cthyl baibituric acid) and the same 

31 Bern, F B Massuc Atelcclisis Complicitinff Paravertebral Tlioraco- 
plastv for Pulmomr> Tuberculosis, Arch Surtr 18 257 (Jan) 1929 

32 Lihentlnl, H , in discussion of Eloesser (footnote 28), ‘Vrch Surff 14 446 
(Jan) 1927 

33 Hedblom C , in discussion of Eloesser (footnote 28, p 446) 
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technic, iMthout am apparent reason the heart goes into fibrillation 
and stops, \Mth the right side ot the heart extremeh dilated It i\ould 
appear that an} ^ igorous manipulation m the region of tlie hilum ot the 
lung IS to be careful!} a^olded because often this can produce inhibition 
of the heart 

Whateiei is the significance of these phenomena, one cannot deni 
their existence and their seAerit% This is one more reason for using 
betorehand all possible precautions so that one ma} operate on a -wide 
open chest Aiith the lung collapsed and the patient breathing qmetly 
The preparator} stages conducue to an une\entful operati\e procedure 
and postoperatn e course -w ill be described subsequent!} 

Hcnw) ihagc, Piniiajv ot Sccoiidaiy — Eien -with the utmost care 
and the use ot an electric cutting and coagulating mstrumentarium, it is 
impossible to ai oid considerable loss of blood in the one-stage operation 
The shock due to hemorrhage is added to the shock due to mam other 
causes during operation The surgeon is obliged to hurr} m order to 
‘get out” ot the thoracic cant} before alarming respirator} and cir- 
culator} s\mptoins occur This question of time is of paramount 
importance and is u ell emphasized b} Lihenthal “■* ‘ I do not behe^ e,” 
tie said, “I hai e ei er sai ed one of those patients \\ hen m an} stage the 
duration ot the operation i\as more than 45 minutes” He also stated 
that cardiac imbalance occurs m proportion to the amount of manipula- 
tion required for proper exposure and also m proportion to tlie time con- 
sumed 

It IS obi lous that b} speeding up during the most important stage of 
the operation, the resection of the diseased lung one is apt to neglect 
to perform a careful hemostasis, a meticulous dissection of the pedicle 
and an accurate closing of the bronchial stump This makes a secondar} 
hemorrhage more possible and increases the chances of a tension pneu- 
mothorax and of seiere postoperatn e infection 

Increased Intiatlioiacic Ptessiue — Increased intrathoracic pressure 
due to a tension pneumothorax or a great amount of fluid or both during 
the first da}s following operation and the extra nork thrown on the 
heart because of it are other causes of the high mortality in one-stage 
lobectom} It is of the greatest importance that one should be able to 
keep the chest closed in an airtight fashion for from four to sei en da} s 
after operation m order to induce the remaining lobes of the lung 
operated on to expand as much as possible This complication can be 
aaoided to a gieat extent bi careful closing of the bronchus m seieral 
la^ers (Pool and Garlock This is possible onh it the pedicle has 

34 Lilientlnl H Thoracic Surgren Philadelphia \\ B Saiindcr- Co iipani 
1926 \ol 2 p 143 

34a Pool E H and Garlock T H Treatment oi Per'i tent Bronchial 
Fistula ■Xnn Siirg 90 213 1929 



778 


ARCHIVES OF SURGERY 


been well dissected so that one can cut thiough the stem bionchus and not 
thiough the lung, in this way one avoids leaving a moie or less consider- 
able part of paienchyma of the lung attached to the lobar bionchus with 
the possibilit} that the circulai oi transfixing ligatures maj cutthioughoi 
release or slide with the resultant opening of tertiar} bronchi When one 
leahzes the tremendous pressure developed duiing cough as measured 
by its expulsive force and as is easily seen in a narcotized animal in 
which one tries to plug a bionchus, one readily understands how a 
tension pneumothorax, even when due to a leakage through a small 
bronchial opening can rapidly kill the patient On the othei hand, the 
amount of intrapleural fluid that always develops after lobectomy and 
the degree of postoperative, unavoidable infection are proportionate 
to the amount of infected pulmonary tissue left with the stump As 
Brunn well remarked, “the progiess of the patient depends on hou 
thoroughly the chest cavity is kept free from air and fluid for the next 
five to seven da} s ” “Therefore,” he said, ‘T consider the closure of 
the bronchus a most important step, and it is my endeavor to keep the 
chest as fiee from leakage of air as possible during convalescence” 
But careful closing of the bionchus requires good accessibility of the 
hflar region and is a time-consuming procedure So one again comes 
to the conclusion that in ordei to make possible a careful dissection of 
the pedicle and a good closuie of it, one needs time and visibility, a 
combination obtainable only in the graded operation 

MULTIPLE STAGE LOBECTOMY 

After this study of the pathologic physiology of lobectomy and of the 
causes of the high mortalit} incident to it, one may discuss whethei 
lobectomy can become a safei operation than it is now, and how this 
can be accomplished I think this can be done b} a graded operation 
in which the successive stages — pneumothorax, phrenicotomy, thoraco- 
plasty and lobectomy — are systematically carried out 

1 P) eliminm v Pneumotho}av — Pneumothorax carried on whenever 
feasible, and for several weeks before operation, is in my mind the most 
important point in a lobectomy performed m stages Adhesions in 
bronchiectasis eren in its advanced forms, are generally few I agiee 
y\ith Lihenthal, uho stated that unless exploratory tappings have been 
made or an empyema has at some time de\ eloped, one should not often 
find important adhesions binding the bronchiectatic lung to the chest 
Mall It folloMs that a good collapse of the lung on the diseased side 
IS generall} feasible Mith artificial pneumothorax In the first of my 
cases the roentgenograms clearly shoyved that a slight pulmonary 
adhesion had been easih forced b} raising the intrapleural pressure to 
a slightly positne yalne 
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Because of the gradual collapse of the lung of the imohed side, 
bronchial retention and stasis are decreased in proportion to the com- 
pressibiht) of the altered bronchi and parencliMna ot the lung Excep- 
tionalh, a kinking ot a bronchus maj be produced, imprisoning the 
bronchial exudate, this retention can easiU be taken care ot, when it 
occurs, b} bronchoscopic aspiration and drainage As a second adran- 
tage, gradual pulmonarj collapse produces a gradual decrease in the 
flow of blood through the collapsed lung, meanwhile allowing a com- 
pensator} increase m the flow ot blood and rentilation in the other lung 
as Andrew s show ed experimental!} In this w a} , the heart is 
gradual!} adapted to the new conditions of respirabon and arculation 
Churchill show ed that the strain on the healtli} lung is small and tliat 
the circulatori burden throw n on it is not altogether borne by increasing 
the ventilation but is partK compensated for b} an increase in the 
circulatorv area ot the lung chieflv through the opening of new capil- 
laries (\\ earn, Barr and German®') The blood content of the health} 
lung IS increased as the rate of flow is increased (Dnnker, ChnrchiU 
and Ferr} without marked strain on the heart 

Third!}, collapse of the lung has as an immediate result a slowing 
down of the I}mphatic drainage ot the collapsed lung and of the hmph 
flow into the blood stream (Naegeli,®® DoIIe} and Wiese,*° Gardner*^) 

A decrease in fev er and other toxic manitestations follow s often accom- 
panied by a marked improvement in the general condition Moreover 
this slowing down of I}mph flow has as an effect a production of fibrous 
tissue proportionate to the degree of Ivmph stasis, such stasis itselt 
being dependent on the degree and duration ot pneumothorax As a 
result, the visceral and mediastinal pleura become thicker and more 
resistant, and the mediastinum steadier recent adhesions of no conse- 
quence for the lobectomv, due to the alwavs present mild infection and 
irritation of the pleura following pneumothorax, develop and anchor 

35 A.ndreivs de Obseixafions on Cardiorebpiraton Ph\siolo^ Follow- 

ing Collapse of the Lung Bronchial Ligation A.rch Surg 10 506 (Jan ) 1925 

36 Churchill E D The ‘ Strain on the Collateral Lung in Collapse Therapy 
18 553 (Jan) 1929 

37 earn J T Barr T S and German W T Proc Soc Evper Biol 
& Med 24 114 (Nov ) 1926 

38 Dnnker C K Churchill E D and Ferr^ R M A.rn T Ph%sioI 
77 59 (A.ug) 1926 

39 Xaegeli The Changes ot the 'serological Reaction ot the Blood Alter 
Extrapleural Thoracoplast\ (quoted in Dollcv 5^ le-e lootnote 40) Beitr z 
khn Chir 90 351 1914 

40 Dollev, r S and le'e R E Effects ot a Large Clo-ed Bilateral 
Pneumothorax on Thoracic Lvinph Flow Arch Surg 18 542 ("Tan ) 1929 

41 Gardner L V The Paihologv ot Artificial Pneumothorax m Pulmonan 
Tuberculosis Am Ret Tubcrc 10 501 1924 
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the mediastinum and thus mciease its stability Fuithermore, prolonged 
pneumothorax decreases the secretory and absorbing capacities of the 
pleura 

2 Ph emcectomy — Phrenicectomy, pei formed as a second stage, is 
an excellent addition to pneumothorax and a valuable aid in obtaining 
further collapse and immobilization of the lung, particularly because 
of the predilection of bronchiectasis for the lower lobes Alexander 
consideied that the paralysis of the diaphragm acts moie by immobiliz- 
ing than by causing further collapse of the lung This is shown by the 
marked improvement even in cases of bronchiectasis, as well as m those 
of tuberculosis, in which the base of the lung and the diaphragm are 
immobilized by strong adhesions and in which no appreciable elevation 
follows the operation It is obvious that in these cases paralysis of 
the diaphragm acts only by further immobilization of the lung Prelim- 
inary pneumothorax carried on for a sufficient time and followed by 
phrenicectomy requires that the patient accommodate himself to breath- 
ing with only one lung , it steadies the mediastinum, produces thickening 
of the pleura and decreases the absorption from the serosa 

3 TJio) acoplasty — These results are further enhanced b> extra- 
pleural graded thoracoplasty limited to the affected area and performed 
in as many stages as are necessary Thoracoplasty as a preliminary 
stage is extremely valuable Not only does it fuither increase the 
collapse of the lung, especially when pleuropulmonary adhesions are 
present and pneumothorax is not successful, but it decreases the capacity 
and depth of the thoracic ca\ity After thoracoplasty has been per- 
formed, the fourth stage of the operation, namely, exploration of the 
lung and its resection, is gieatly simplified, no time is spent in the 
lesection of ribs and opening of the thoracic wall, no hemorrhage is 
produced, the wall has lost its rigidity and can easily be retracted and 
the hilar portion of the lung is accessible because the collapse of the 
wall has brought this region nearer to the surface Last but not least, 
the remaining lobe, on expanding, can more readily fill up the reduced 
thoracic cavit} and thus shorten the time for anatomic and physiologic 
recovery 

It is really impressive how lobectomy becomes a relatively easy 
operation after these preliminary stages, pneumothorax, phrenicectomy 
and thoracoplasty, especially because of the absence of disturbances of 
respiration and circulation When, after these stages have been per- 
formed, the chest is opened, the patient breathes as if the chest were 
closed It is astonishing, as Eloesser remarked, to see the patient 
breathing quietly %\ith the thoracic -nail wide open and the homolateral 
lung completely collapsed A collapsed lung and quiet respiration give 

42 \lc\Tnder J in (hscu^sIO^ of Dollej and Wiese f footnote 40, p 552) 
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plent} ot loom to operate and pertect Msibiht} — a pcrtect combination 
foi a quiet and accurate operation Separation of the affected lobe 
trom adhesions, isolation ot its pedicle, clamping of vessels and caretul 
closure ot the stump atter resection can all be performed with surprising 
ease, and ease in lobectomi makes for accurac\ and speed 

Thus the principal dangers in lobectoini are eliminated or great!} 
palliated name!}, shock, cardiac failure, reflex inhibitory phenomena 
and hemorrhage A careful dissection of the pedicle allows cutting 
ot the bronchus and no cutting through tlie lung tissue, thus almost 
no infected pulmonar} parench}Tna is left in the stump This lessens 
the degree of postoperatne infection in tlie thoracic ca%at}, which should 
lie closed in an air-tight manner, permits one to keep tlie thoraac carats 
closed for sereral da}s and thus allows the remaining lobes to expand 
Lastl} , reduction in the size of the thoracic carat} due to the thoraco- 
plast} makes its filling rrith expanded lobes more feasible, pleural 
sinuses tend to disappear and bronchial fistula tends to heal promptl} 
B} the use of the technic described, opening ot the chest becomes 
almost no more troublesome than laparotoni} With respirator} and cir- 
culato:^'- functions undisturbed, one is able to operate on intrathoracic 
organs as on mtra-abdominal organs, the resection itself of tlie diseased 
lung being reduced to almost a minor operative procedure The presence 
of extremely strong adhesions intimately umtng the lung to adjacent 
lobes, parietal pleura and diaphragm may render separation of the 
bronchiectatic lung impossible Such adhesions are rare and are gen- 
erally obsened in bronchiectasis following emp}ema These adhesions 
are suspected wdien repeated attempts at pneumothorax have been 
unsuccessful In these cases, lobectomy may be impossible, and cauter} 
pneumectom} then is the method of choice en m the cases in w Inch 
a separation of the affected lobe has been possible but has required 
prolonged manipulation, one should not consider it wise to perform 
lobectomy at this stage In these cases, tw o procedures may be 
emplojed The lobe mav be corered completely with a large piece of 
rubber tissue after having been separated from the adjacent structures — 
lung, diaphragm and parietal pleura and the thoracic wall accurateh 
and completely closed and air-tight tube drainage of the pleural carit} 
instituted From four to ten da}s later, the caMV\ is reopened and 
the lobe resected, follow mg the technic ad^^sed b} Lihenthal , or, after 
separation of the bronchiectatic lobe from the adiacent lobe, the branch 
of the pulmonar} arter} is found and ligated The last procedure was 
adMsed b% Bruns and Sauerbruch who from experimental results 

43 Brunc, O , and Sauerbruch, F Die kunstliche Erzeugung' i on Lungens- 
ebrumpfung durcb Unterbindung ion Aesten der Ptilmonarlerie Mitt a d 
Grenzgeb d Med ii Chir 23 343, 1911 



782 


ARCHIVES OF SURGERY 


concluded that it could seive as a cmative procediue for bioachiectasis 
It IS known that hgatme of a lobai pulmonaiy aitery pioduces atelectatic 
shrinkage of this lobe with subsequent development of connective tissues 
and fill! otic scleiosis of the pulmonaiy paienchyma Unfortunately, this 
sclerosis is not sufficient to pioduce complete collapse and closuie of 
the dilated bionchi because of the induiation of then walls Sauei- 
biuch used this method in fomteen cases of advanced bionchiectasis, 
without any definite icsults In six of these cases, thoracoplasty and 
lobectomy weie latei peifoimed Ligatuie of the pulmonaiy aiteiv is 
technically easy m the infeiioi lobes and is an excellent piehminaiy 
measiiie m the cauteiy pneumectomy of Giaham,^® when feasible, 
because it eliminates the dangeis of hemoiihage and an oi septic 
embolism in this otheiwise excellent method 

It is even possible that hgatuie of the pulmonaiy aitei) m cases of 
uncomplicated unilateial bionchiectasis might piove a cmative method 
when combined with thoi acoplasty 

Whitteinoie desciibed and successfully peifoimed extcnouzation 
of the affected lobe aftei lesection of seveia! iibs He libeiated and 
dehveied as much of the lobe as possible out of the chest and fixed it 
theie by sutuiing it to the muscles of the thoiacic wall Aftei a vaiiable 
time, the exteiioii/ed lobe became neciotic and sloughed away Five of 
six patients on whom he peifoimed the opeiation weie clinically cmed 
the sixth died Iheie is no doubt that this pioceduie has some maiked 
advantages ovci lobectomy and deseives a senous tiial It is not within 
the scope of this papei to entei into details, it aims only to show the 
maiked advantages of a giadcd lobectoni) m which the successive stages 
aie systematically peifoimed m the oidei desciibed 

Theie are authois vho still advocate the use of the one-stage opeia- 
tion Lateh, Bruiin,^" in a papei icad befoie the Ameiican Association 
foi Ihoracic Suigci}, lepoited six cases with five cuies and only one 
death Although I gieatiy appicciate these results and the skill of the 
opciator and I profess the greatest admiration foi the pioneei %\oik ot 
Saueibruch and Lilienthal, I confess that I believe that giaded lobcctom> 
IS a much safei opeiatue piocedmc 

The two case'' lepoited hcie aic ofteicd m suppoit of these Mews 

arroRT or c \sls 

Tvo cases onh aie gnen and these are chosen because the opeiations 
in both ucie peitoimed o^el two 3cais ago, hence one may judge ot 
the late results The othei cases will be icportcd m a foithcommg 
paper Thus fai theie has been no moitalite dining the last stage 

44 Sitierbriich footnote 2! lol 2 p 572) 
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llie hrst ^\as a ca<:e ot ad\anced bronchiectasis in a girl ot 18 , r\ith 
multiple abscesses, loiil cxpectoiation and extreme emaciation 
Broncbial dilatation -was present m both lungs but sho\\ed a marked 
jiredommance in the lett lower lobe A multiple stage lobectoma as 
described w as pei formed and w as follow ed In a complete and definite 
cure Ihe second was a case ot ad\anced bronchiectasis, de\ eloped after 
pneumonia with emp\ema for which repeated operations had been per- 
lormed Bronchiectatic abscesses were spiead o\er the whole right 
lung and weie accompanied b\ foul sputum fe\er and extreme emacia- 
tion The same prehminar\ procedures except pneumothorax, were 
carried out but instead ot lobectoinr cautera pneumectoma aaas per- 
tormed Complete clinical cuie folloaaed, aaith a small bronchial fistula 
purposela maintained and actualla almost dra This patient at the time 
ot aariting aaas perfectla aaell although in the seaenth month of 
pregnanca 

CasE 1 — Histoi\ — lit K a aahite girl, aged 16, entered the medical aaard of 
Belleamc Hospital, 2nd Diaision (Cornell) on March 28 1928 Her chief com- 
plaint aaas persistent cough abundant purulent foul expectoration loss of aa eight 
and general exhaustion In Tune 1928 she had a sea ere cold, diagnosed as 
pneumonia •Mter three aaeeks, she improaed but did not get rid of the cough 
In September, 1927, she began to expectorate large amounts of greenish purulent, 
foul sputum Although she had postural drainage three times a daa for the four 
months preceding admission the amount of sputum gradualla increased from 8 
ounces (236 cc ) to from 15 to 20 ounces (444 to 592 cc ) daila She lost 32 pounds 
(14 5 Kg) in one a ear 

She had been told that she had had pneumonia in infanca She had alaaaas been 
subject to colds and cougn 

Physical Evavimation — The patient aaas emaciated and looked exhausted The 
skin aaas dra , the membranes aaere pale The teeth aaere bad The sinuses 
examined ba a member of the staff of the nose and throat department, aaere found 
health} The left side of the chest aaas diminished in size and excursion, and 
appeared flat in comparison aaith the right The heart aaas normal, though slightla 
displaced to the left The right lung aaas normal On the left side, dulness aaas 
present posteriori} from the fifth intercostal space doaan to the base of the lung 
aahere breath sounds tended to be bronchial Vocal and aahispered fremitus aaas 
increased all oaer the left lung, especiall} at the base posteriorla, and in the axillara 
line Man} rales aaere heard at the left base, less in the right lung The abdomen 
appeared normal The fingers and toes aaere markedla clubbed and slightla 
caanotic The temperature aaried trom normal to 102 F , the pulse rate aaas 
from 80 to 120 The M assermann reaction aaas negatiae 

The sputum amounted to from 12 to IS ounces (355 to 532 cc ) daila It aaas 
greenish, separated in three laaers and of extremela foul odor It shoaaed strepto- 
cocci staphalococci, diplococci, spiroclietes and large bacilli but no tubercle 
bacilli, and occasional red cells 

Bronchoscopic examination shoaaed (April 12 1928) pus coming from the left 
loaaer lobe and to a lesser degree from tlie right loaaer lobe 

A roentgenogram shoaaed a definite process in the leit loaaer lobe (aaith 
mottled shadoaa) increased pulmonara markings in both hilar regions, especialla 
on the left (fig 1) 
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rnctiuu-<tl ch t — PtKiiiiiiithiin\ \\ i". tioiic ( \pril 1-P Tiui tliL lung muntiined 
colhp<;c(i tor one mouth h\ u(k(HulL rtfillmus 1 licrt. wtri. Ilw pkuropulmonar% 
nlln.^ioii'; (fig dh \'hKh were gnthiilK turcul (fig 3) In iiicrci'suig the intra- 
pleiiril prc^'-iirc (-*(•- 1) co tint the collip>.c hLCiiiic complete (fig 4) within 
tour weel « 

During thii lime (trom Xiiril 14 to 15, 1928), the geiieril condition 

mipro\cd cNpcctontion thmmnlKd irom 15 to from 2 to 4 ounces (from 444 to 
59 to 118 cc ) daih, the loulnc-s decreased and the temperature returned to normal 
the patient had gamed 12 pnuinK (='4 Kg'! She was discharged and was in'tructed 
to come regularK c\er\ week for refilling, this she neglected to do \\ hen she 
came hack lime 12, 192=^, she was m the same condition as beiore pneumotliorax, 
It not worse The temperature o eillited between 100 and 102 F, the pulse rate 
around 120 'lliere was i continuous exhausting cough with foul expectoration ot 



from 10 to 18 ounces (from 295 to 532 cc ) daiK Roentgenograms be ore o 
and after (fig 6) injection of iodized oil taken the same daj, showed at cj 
and saccular dilatations of the bronchi in the left low er lobe had not been in uence 
ba the collapse of the lung The patient was placed in tlie sen ice of Dr’ - exa 
Miller of Belleaaie Hospital for obsenation A lobectoms was decided on, and 
the patient was transferred to tlie surgical ward ^ 

Pneumotliorax was started again with refilhngs e\en tliree dais i o a e 
de\ eloped, and the lung had again collapsed completeh (fig 7) 
on June 22 was 1,900 cc On June 25 the red cells numbered 3,100,000, the hem - 
globin content was 60 per cent The white cells numbered 12.300 A tran=fusi 
of 500 cc of whole blood was gnen 

First Operation— On Tune 26, 1928, a partial thoracoplasi was periorme wa i 
resection of the posterior part of the six inferior ribs, the patient being under 
spinal anesthesia 
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Fig 4 (case 1) — Collapse complete The pleuropulmonary adhesions have 
gradually jielded (May 4, 1928) 


Fig 5 (case 1) — Patient neglected to come weekly for refilling for one month 
and a half The upper lobe is still collapsed, but the lower lobe is again Msibic 
(Tunc 12, I92S) 
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brnn^f 6 (cTcc 1) •\n injccttoti ot iodized oil siiows aiindnc and saccular 

in 01 ititioii of the Icit lower lobe ( Tune 12 19281 (unsuccesstul radiogram) 



.. ^ (case 1) — ^After artificial pneumothorax, the le:t lung is completeK 

®^touing absence of adhesions, although the lung was permitted to expand 
e preeuous pneumothorax The roentgenogram was taken on June 22, I92S. 
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Anesthesia Three grams of phenobarbital was gi-ven half an hour before opera- 
tion Morphine was not used Caffeine and sodium benzoate, 7 5 grains, were 
given fifteen minutes before spinal anesthesia, and one ampule of ephedrine Spinal 
anesthesia was obtained with 70 mg of procaine hydrochloride The patient sat 
with the head in forced flexion The space between the fourth and fifth thoracic 
vertebrae was located and local anesthesia was obtained with 1 per cent procaine 
hydrochloride injected by means of a fine long needle inserted first honzontallv 
then obliquely upward The spinal fluid readily started flowing The 70 mg of 
procaine hydrochloride (Corbiere) in crystals was dissolved in 2 cc of cerebro- 
spinal fluid and slowly injected No cerebrospinal fluid was allowed to flow out 
The patient was left in sitting position for a few seconds and then placed flat, with 
the head lower than the body Analgesia was complete from the chin to the 
umbilicus in about two minutes Below the umbilicus no anesthesia of any kind (to 
pain, heat or cold) was present In the arms there was complete analgesia without 
anv motor impairment No dyspnea or other subjective or objective respiratory 
disturbances were noticed, nor were there any disturbances in rhythm and rate 
Blood pressure dropped within ten minutes after anesthesia from 110 sjstolic and 
60 diastolic so as not to be recordable The pulse was rapid and weak, but both 
were improved within twenty minutes after the injection No additional ephedrine 


was given 

Operative Procedure A paravertebral incision was made on the left side, 
8 cm from the line of the spinal apophyses, beginning at the fourth intercostal 
space, dovv n to the eleventh and curved forward following this space, to the anterior 
axillary line Incision of skin and muscle was done A musculo-cutaneous flap 
was separated by blunt dissection, and the seventh, eighth, ninth, tenth, eleventh 
and twelfth ribs were resected from the transverse apophyses to the middle axillary 
line The pleura opened accidentally above the twelfth space Because of the 
already existing collapse of the lung, no disturbance whatever occurred after this 
pleural opening, which was immediately sutured, the intercostal blood vessels were 
ligated and the nerves were injected with alcohol 95 per cent, according to the 
technic of Hedblom A small cigaret dram without a gage was placed under the 
muscles Catgut sutures were done on the muscles, silkworm tension sutures 
inserted and Michell’s clips placed on the skin A dry dressing was applied 
The patient was returned to bed in fair condition The duration of the operation 
was fortj-five minutes At the end, slight gas-oxygen anesthesia was given, the 
patient feeling no pain but complaining of a “pulling up” of the ribs during their 


resection Suturing required additional local anesthetic 

Postoperative Course The postoperative course was rather stormy The 
temperature vv'cnt up to 105 F, the pulse to 140 The patient expectorated 1 
ounces (532 cc ) of foul sputum in the evening and was greatly relieved The 
temperature was normal on the third day On the fifth day, the patient got out 
of bed The cigaret tube was taken out the third day The wound healed by 
primary union, the cough decreased, the sputum did not exceed from 2 to 4 ounces 
(59 to 118 cc ) Figure 8 shows the roentgenogram taken on the tenth postoperative 


day, just before the second operation 

Stcoiid Operation — The second operation was performed on July 7, 1928 
was a second stage thoracoplasty', with resection of anterolateral portions o t e 
same ribs with cartilaginous border, the patient being under high spinal anesticsia 
Anesthesia was produced by the same procedure as had been used previous y 
The same results were noted and the same drop oi blood pressure vvitv rapi 


recovery (in sixteen minutes) followed 
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>v l"v!, r o, tlic rciin.n-or the .cn 

<1! i Kl Nui m cetc! Ill the p-cMois <,icr,_ r\-' 

in iMihrc l„,. lU the v-iiii, proc, lure af v 
yrnl (,,-,lcr t,. the po^tcri,.- iv,|hn hne Darin- 

”'Jcncth u.a,/i,'V,ra."Ji?'' "buiul In n, mcnioo Jen 

cnitnu,,,, rcv,..ruinn It ni. . nmcdiatcK do ea 

'•irctiil I cm v.i. V 'p ‘ attcr 

Jictrnio, Mitimv . 7' ■’••r-lnccd tnde- the muscular la.er 

lin drcs<„,. , ,, "hh plain sdk \ 

Tile duntmi .i, c'^cdlcnt condition 

sbstht in nmit r , "I' f-itt ., mute- Dunmr the hn fifteen minutem i 

fhc ''■■ c >«'■'<: m- smoother tlian that atter 

tcinpcnturf 7/--. " I'« 'Opentue die tliere wii, in clceition ot tiie 

*h<- fcmmrii "'i "’’'■‘^b'tii ut the wound in the loner ingle Alter drainage 

tile Iiomopi ^u I'lf ed On Jule It. tlie red I'lood cell- numbered 3 200 000 
niVpTcp " ^ 01 500 cc ot whole blooa 

on ”* wound nis completeK healea 

were T 'i~ii Pibcnl ciined 4 pounds (lb Kg ) the cough and expectoration 
blond 'V ' ^ocrei-cd but «till pcr-i-ting cspecnlK during the night The 
. - ugiist 0, showed red cell- -I 100000 hemoglobin 65 per cent 

Inhf-of'^^ ^^/itrafion On \iig S 192S (one month alter tlie second operation), a 
om\ ot the lett lower lobe wis done 

rented* Changes in Lett Lower Lobe The excised lett lower lobe pre- 
bluc-bhck color ot an itclectitic lung but it was elastic not friable 
til s ” ' witcr, on pressure mucopurulent troth came from 

-•motioned bronchi The lobe was strongls adherent to the diaphragm and to 
u There were adhesions between this lobe and the upper lobe 

' >c were of recent formation 

I High spiml anesthesia was produced with SO mg of procaine 

dmtei*'' lofide in 2 cc of spinal fluid injected into the fittli dorsal space. Imme- 
c \ after the injection and for about two minutes tiiereatter there was slight 
^^piratorj distress The patient complained she could not catch her breatii 
11° acceleration or slowing ot the respiration Immediateh alter injec- 

’ ® complete anesthesia developed from tiie sixth ceriical lertebra down to 
the twelfth 

blood pressure taken eier\ ten minutes during anesthesia, showed i drop 
a points in the first ten minutes after anesthesia, from 110 sistolic and 65 
lasto ic to 60 svstolic and 0 diastohe, but fifteen minutes later, it was abo\e 
^rmal, 120 sjstolic and 80 diastolic and was maintained there until the end oi 

cne operation 

Operatue Procedure A long incision ot tlie skin was made following the 

seienth intercostal space Duision ot muscles and hemo-tasis lollowed The nb, 
cre represented bj cartilaginous tissue, winch shows how quickh tlie ribs a-e 
ormed The cartilaginous tissue was cut with the kmiie and the pleura operea 
" ' ® fcom almost the sternil border to the po-taxillan hne Lihentlial s retractor 
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was inserted, and the incision stretched At no time was there any respiratory 
disturbance from the opening of the pleura The patient continued to breathe 
quietly as before The low^er lobe presented the characteristics described The 
lung W'as gently secured with Tuffer’s special clamps and pulled out The heait, 
the upper lobe and posteriorly the aorta and esophagus, were seen, as well as the 
left phrenic nerve The adhesions to the upper lobe were separated with the 
finger, the pencardiopulmonary ligament was sectioned and the base of the lung 
slowly and laboriously liberated from the diaphragm Two curved nephrectomy 
clamps were placed on each side of the bronchus, which had been dissected almost 
free from the pulmonarv parenchyma Traction on the bronchus was caretully 
a\oided On the provimal side of the clamped bronchus, silk ligatures were placed, 
transfixing the bronchus Vessels were ligated separately The clamps were 
removed after tlie section of the bronchus, and the stump of the bronchus was 
carefully closed with interrupted catgut sutures through the penchondnal tissues 
In the center of a rubber dam 12 inches square (77 4 cm ), a small hole was made 
and the long threads of the ligatures passed through it, and the stump of the lobe 
also was forced through the opening (Lihenthal) Iodoform gauze packings were 
placed in contact with the stump inside of the rubber dam, the threads of the 
ligatures fixed on a big safety pm and left long enough to reach the thoracic 
wall, when slight tension was exerted on it In the lowert part of the thoracic 
wall and midaxillary line a small hole was made A rubber tube, 30 French, was 
introduced (air-tight) and fixed to the skin by silk string suture Rubber dams and 
packings were left in the chest, the pleura was sutured with interrupted catgut 
sutures above them, and only the safety pin was left outside of the pleura The 
muscles were sutured with interrupted catgut covering the safety pin, the position 
of which was marked by a small incision m the skin Suture was on the sub- 
cutaneous tissues No sutures were placed on the skin A petrolatum gauze 
dressing was applied to the wound and covered with dry gauze The lower drain 
was connected with a tube, the end of which was introduced into a bottle half 
filled with w'ater in order to insure air-tight drainage The excised lobe was 
sent to the laboratorr The patient was sent to the ward in fair condition The 
duration of the operation was one hour and twenty minutes 

Postoperatne Course Seven and a half grains of caffeine, one ampule of 
digifohn and morphine % gram, were given every six hours On the day 
after the operation a transfusion of 500 cc of whole blood was given 

The patient withstood the operation in a really remarkable wav There was 
little postoperatne shock, and on the second postoperative day, the patient was 
sitting up in bed 

The first dressing was done on Julv 11 (third postoperative day), the sutures 
were cut and the thoracic cavity opened Little, if any, infection was observed 
and no foul odor, 4 ounces (118 29 cc ) of dark serous fluid came out The safety 
pm holding the silk sutures was located The rubber dam was found The 
iodoform gauze packing was extracted and new iodoform gauze lightly packed m, 
the thoracic cavitv was closed with two silkworm sutures A wet dressing sealing 
the opening as completelv as nossible was applied, on this a rubber dam was 
placed The lower tube was perfectly airtight and draining fairly well 

Dressings were done cverv second day bv changing the iodoform packing inside 
the rubber dam, which was lelt in place for twelve davs No w’asliing or irriga- 
tion ot any kind was U'Cd Tlie lower dram was taken out on the sixth dav , on 
the twelfth dav, the rubber dam was taken out The silk ligatures of the pedicle 
were still holding The wound led into a cavitv, the size of an orange, clean. 
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On the thirtieth da>, the capacita of the cayta wy ^ directed 

bronchial fistula The patient was discharged on the t iir a = nd was completeh 

to come to the ward for dressing On tlie fiftieth daa the wound was comple 
closed There was no bronchial fistula E-voectoration cea.eo 

A dr, co„8h per, .Sled for .„« ™Tcr=" .s no“o« oi e'P» 

completelj after operation From the third daa on 

toration, nor aaas there ana at the time of aantiiig months 

The patient had gained 35 pounds (la 9 Kg) ' f d,d not cough 

after the operation At the time of writing she aaas p 

or expectorate, and aaas working as a °'^,p 9 o d,Q^\ed that tlie 

The last roentgenogram (fig 9) aaas taken m ' ® right lung 

upper lobe aaas expanded and aa-as about taao ^ ^2 pounas 

At that date, the patient aaeighed 122 pounds 
(23 6 Kg) since operation, tlie aital capacita was o,-lUU 



. oct «, fx: '>*» 

iilBiifeis 

•Diagnos'S ^g 26 vS' ^ube ^ .,g coug” roug^ 

0« Oc. as « to to to 

*"' S »"■» ""'” d 01,«a««a ' , ,to sevea* '*„V 

'“”mto as beSa" secoi'd to d ,„ tte 

" ?';t bU -'Ca- £to^b bdaa- ^^b^atobj^ * 

n:-ro“--Tia"ea'a i- 

beta blled to '’abb “Sw'*”' “ pto.eat «”^“J°toade 'bs»'«^ J^ta tod 

Woa.b sbe ^"ttos «« 'Xsadb .^«^Tos«< >be «a«ab»” 

“-5^ » Si< 

''a® ! nmic and ^det inserted ^ y, 

^v^tV^ tbe tbe '"■) and a Qn ^^cWte 

iortned _ Conrs^ operat' n)^^ t^n \lrlss ca’^dV , 

Postopei^^ I ^vas "enters *e a^ ^ scVero^s 

brond^'^^ ^ trencb ma pro J an 

^ deftnde ° tb v p\ate ^ ^vas and 

''S^''°‘^K'«a”’T“aa ”°“\toslba«<' "“^ta-a ^'’toa^^^gb 

rubber ^ ^^,Y\ere _truent , _ tube ^ *nd ^^lons W ^^^bongd 
depar^dre ^ darb- ^ to beeP ^ adm'd^^ ^ Zx d^s^ba^J ’ 3,800, 0^^ ’ 

antrnnrs adr'S ^,as in be ^ eebs - 

°\''lSd W in p'dce transia^'d^^, and od ’dW ^^,ru 

s^SaTJsSi-firgrdS?:? 

2b begnci^ rbe d ^,,cn 


"’“'buaotoda td« 



t » i 


' / ' ‘ ' K t\( ///, ^ 


795 


‘o .!n V 

lu Cl < > 
■'■’’.'led .1 , 
l’ .n 11^1 r - 


I . "’> K-VaMn,uated 

. , 0 , , , , ■ I ;.-i < ,.( or, cl i,,al .ni.u., t 

. ,F ! ; ■ -.i- 

, I 't>i, turn 1 .Hi \ me: mjcclio,, r; <, > , [ 

.u i' i,-i - iio'ii.j > 1,1 i! ^ V I . 

" ,V;’ up!-r hm,t am .aMtm 

' ‘ ^raicl l!’ I- u xt.-, rite. , ^ , 


It,; , i\, 


■' ‘ ■ ff| U!'! I ii, V. 
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,u tiK jui,, , , , ' ‘ '’''‘'"’'c ot the th-mu,rr condit on 

<-ich nh uni (7h to 15J4 cm) 

^’^>’'-,1 uithu, tr\?i-,r''* The \toinid 

■n.eUhtKn' iimler c^n-.-ov, Tcn-etiier 

2>K- iiicicio '"'"’''-'''■'’'■‘I WT^ nnik cMuKhn^ irom the lower end oi 

otJtwnrd n ' ''■ d.mnwnnl to the cletcnth nb and tlien 

aii'i cli \ a I'l'e the eighth ninth tenth 

‘t *^1' t> t'e'eeted iron, their angle lit the co'tal cartilage- 

hire neni Co ir-e T lie jntieiit Inn a -eicrc reaction the tempera- 

CTadiiall"'^ ^ ^ ileal OI re-piraton d,-trcs- Her conflitioa 

"ts doi' 'i hepoderniocK-ie cinploemg de\trO'e and saline solution 

filth d iiitrax eiioiis injection ol (Ie\lrO'C 25 per cent was giien and on tlie 

tNtrcni'h'' cc of blootl was cmploeed The patient re-ponaed 

and l"i ^l"-'C nicasurc- Tiie wound oi the thoracoplastv was miected 
^h^^a tf eowh in cranulalion TIic tube was nnintained ,n place 
inipr discharged twent\-ec\cn dais alter the second stage, markedh 

r'^cq’ i^'^nqh was diminished and expectoration was ironi 2 to 3 ounces 
coda's I hours The right side ot the chest was markedh 

jljg. ^ ^ patient was told to come tor dressings It was explained to her 

Th^'d*~'^ operations would be neccssarj tor complete cure 

Stage On Oct 30, 1927, a parasternal incision and resection ot the 
anterior segments of the second, third lourth and fitth ribs was per- 
Th phcemcectomi of the right phrenic nerie 

Operatic e Coiir-e A pertect collapse ot the chest tollowed this 

100 an'i^'l postoperatn t, course was smooth the temperature osallated between 

Qj ' 1 1> r tor four dais, then graduallj returned to normal A great amount 

ra d^ eiacuated during the first fi\e da\s, then the amount decrea-ed 

sh»i thirteen dajs later, when the patient was dischaged she had onh a 

lou/ ^°“=h and expectoration ot from 1 to 2 ounces (30 to 59 cc ) of slighth 
healed^^'^'^”^ "ounds of the thoracoplastj and ot the phrenicectonn were 

coll^" taken on X’o\ II, 1927, showed “Right lung completeh 

’ dense fibrosis ot the base ’ One month later, on Dec 13 1927, an 
repor taken alter injection of iodized oil through the trachea the 

, Base shows complete fibrosis, upper lobe is collap-ed with bron- 

chiectatic caxities” 

tioii^' R patient had put on 9 pounds (41 Kg ) since tlie la-t opera- 

^ the cough persisted with expectoration ot trom 1 to 2 ounces (50 to 
sputum m twenU-four hours Besides although the lower lobe 
®how am caxities and had undergone almost complete fibro-is, bron- 


chiecfatic 


ca ities appeared m the upper lobes 
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Fourth Stage The patient was admitted on Dec 18, 1927 and given a 
transfusion of 700 cc of whole blood The fourth stage of the operation was 
performed on Dec 20, 1927 

Pathologic Changes The thoracic wall was collapsed and all the ribs 
resected, except the first, in previous operations The lung was collapsed, dark 
and adherent to the parietal pleura, the distinction of the difterent lobes was 
difficult A number of cavities of sizes varying from a walnut to a hazelnut and 
smaller, were found in the pulmonary parenchyma of the three lobes, containing 
foul smelling fluid and gangrenous tissue It was felt that there were still other 
cavities present 

Operative Procedure With the patient under gas-oxygen-ether anesthesia, a 
horse-shoe incision was made, going from the anterior axillary line and the 
second space downward to the level of the tenth rib and then upward and back- 
ward to the third space, on the spinal border of the scapula The chest flap, 
composed of skin and muscles, was reflected upward, and the pleura, completely 
adherent to the underlying collapsed lung, exposed A soldering iron, heated 
to cherry red, was plunged into the parenchyma of the lung and the cavities 
mentioned, opened Four cauterizations were made, the iron penetrating each 
time to a depth of from to 2 inches (3 1 to 5 cm) The moderate hemorrhage 
was easily checked bj packing A Mikulicz rubber pad was inserted and solidly 
packed with iodoform gauze The flap was deflected and temporarily sutured 
with two sutures of silkworm gut onlj 

Fourth Postoperative Course The postoperative course was remarkably 
smooth The temperature did not rise above 101 F , cough and expectoration 
greatlj decreased 

The cauterization of the lung was repeated on January 4 and 11 In each 
stage, new abscesses were opened The moderate hemorrhage was easily checked 
by compression The wound was left open and packed with a large piece of 
rubber dam containing iodoform gauze 

After the third cauterization, the patient’s condition showed a remarkable 
improvement The cough and expectoration ceased completely, the wound was 
clean, showing a great number of bronchial orifices on its surface, gangrenous 
tissue was eliminated and healthy granulations were filling up the wound The 
foul odor had disappeared The dressing with the rubber pad tightly packed 
with iodoform gauze was kept on The patient was discharged on Jan 28, 1928, 
and instructed to come every dav for dressings 

Bj klarch 1, 1928, the wound had gradually decreased in size, showing bronchial 
orifices in it depth, from which air was freely going in and out The cough and 
expectoration had disappeared completely There was no foul odor or taste m 
the mouth There was little discharge from the wound The patient gained 
20 pounds (9 Kg) in three months and felt fine, perfecth well and happv A. 
tube was inserted in the orifice to avoid possible closing A roentgenogram 
(fig 11) showed the lower lobes fibrotic and opaque The upper lobe was shgiitij 
aerated The lodi/ed oil was still visible in the bronchi 

On Tune 19, the improvement was maintained, the weight was increased 
The wound was small, about the size of a pencil With the thoracoscope intro- 
duced in the orifice of the fistula, four bronchial openings, well epidermizcd, 
were seen A roentgenogram (fig 12) showed an advanced aeration oi the upper 
lobe with absence of am indication of abscess 

On Aug 20, 1929, the patient felt perfectiv well, did not cough or expectorate, 
and penormed her duties of mother and housekeeper She was in the seventi 
month OI pregnanev A tube the size of a Dakin tube wa- still iiniiit nne m 



^ ’fr 11 (cT'c 2) — Gndtd tltoncopH‘;t\ piircjiii-otonn ind ciiiterv pneumj- 
cotonn, lorh-ciftht ch\b nttcr the In-'t btisi. (Mnrtli 1 1^28) 



Fjg- 12 (case 2) —Seventeen months atter operation The remainder ot tne 
’■ight lung- has expanded m the upper part ot the right side ot tlie che-t ( lune, - 
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pincc, ^Ithougll there wis no more discinrge Ihe pitient had gained 39 pounds 
07 7 Kg) since being discharged trom the hospital \ roentgenogram (fig 13) 
showed a remarkable progress in the aeration ot the remaining parench\ma ot 
the right lobe which filled up what was lett ot the thoracic caaiU on the side 
that had been operated on On Ian 4, 1930 tlie patient was in periect condition 
She had a normal dclucra of a healtln bab\ weighing 6 pounds (2 7 Kg), 
whieh she was nursing (The first roentgenograms taken ot this patients lungs 
were lost Onh the three last are shown here) 

CO■\rJIE^T 

Ihe two cases presented hate seteral points of interest 

The first was a ttpical case ot bronchiectasis of undetermined origin 
possibh resulting from pneumonia m childhood, witli frequent coughs 
and colds since After etert cold the chrome condition presented a 
temporar} exacerbation which was toHowed b\ permanent aggratation 
ot the existing condition Finalh a more set ere pulmonart attack 
produced the classic stmptoins ot adtanced bronchiectasis A roentgeno- 
gram taken following the injection of iodized oil, seteral tears ago, 
w ould certainh hat e show n bronchial dilatation alreadt present, and a 
bronchoscopic examination at that time probablt would hate retealed 
incomplete drainage and possibh retention in the bronchi ot the lower 
left lobe Another point ot interest is the absence ot pleuropulmonaix 
adhesions, although the bronchial dilatations were ot considerable size 
and the fact that eten after the refillings were interrupted for mer a 
month, no adhesions dei eloped The collapse ot the lung, iihich had 
been complete for about two months was tollowed bi a marked iinproie- 
ment of onh temporar) duration 

Another fact of great importance is that this patient presented rather 
advanced lesions at the right base besides the mam lesions on the lett 
to such an extent that Dr A Miller was doubtful as to the indications 
foi, and the outcome ot a lobectomi Howeier the lesions on the 
right side cleared up shorth after the exeresis of the principal focus 
(left low er lobe) and gradualh disappeared completeh 

The method of obtaining the high spinal anesthesia m this case is 
not aboie criticism I used it because of the great satisfaction it gaie 
me in an extended experience during the Great M'ar I was then the 
first to use procaine hrdrochlonde instead ot benzoi Idimethi lamino- 
etlulpiopanol hi drochloi ide (stoiaine) which Jonesco, the pioneer in 
the use of this proceduie einplmed The tormer drug does not affecr 
the motor fibers of the mixed ner\es to the same extent that the latter 
does and therefore does not produce sudden parah sis ot the resplrator^ 
muscles and temporar) rcspiratora distress as does the latter drug In 
thoracic wounds with the pleural caiita wide open I repeated!) usea 
high spinal procaine h\ drochloride anesthesia m order to a\oid cough 
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and deep inspnatory and expiratoiy movements provoked by inhalation 
anesthetics, during the induction period, the disastrous effect of which 
on the heart, is well known I have had giatifying results with this 
method The site of the injection, the fifth dorsal space, is not to my 
mind an argument against the procedure The anesthetic is readily 
fixed in the posterior i oots and has no tendency to go upward Syncope 
IS due, when it occurs, to cerebial anemia secondary to the extreme 
abdominal vasodilatation from paralysis of the splanchnic ner\es The 
patient “bleeds into his own vessels ” No direct action of procaine 
hydrochloi ide, with the small dosage einploj^ed, on the centers of the 
fourth ventricle has so far been proved I rather believe that deaths 
irom spinal anesthesia aie due either to the use of excessne amounts 
of the anesthetic or to a faihne to put the patient m a slight Trendelen- 
burg position, which insures a sufficient amount of blood both to the 
brain and to the teiiitory of the vena cava, so that notwithstanding the 
extreme abdominal vasodilatation, enough blood comes back to the light 
side of the heart to insure its functioning It is therefore less danger- 
ous to use smaller quantities of procaine hydrochloride and inject these 
into the space corresponding to the metameres to be anesthetized, than 
to inject the anesthetic into the “safer” low spaces and use two or three 
times these amounts 

A last point of interest, vhich has already been emphasized, is the 
quiet respiration and undisturbed circulation despite the uide opening 
of the pleural cavity — ^ivhich is due to the preliminary collapse of the 
lung I wish to emphasize this point again because, knowing it, one 
operates without feai of a precipitous catastiophe and without the 
hindrance of a limited exposure of the operative field, this insuies 
smoothness, speed and accuracy — indispensable factors in the success of 
an intrathoracic operation 

The second case pictures the postpneumonic and postempj emic type 
of bi onchiectasis Protracted pneumonia with the peisistence of a focus 
of consolidation (due, to my mind, to persistent bronchial obstuiction) 

IS the determining cause of this form of bronchiectasis Empyema does 
not clear up after thoracotomy because of the persistence of the infection 
m the underlying lung and the bronchial fistula Repeated opeiations 
do not clear the condition because they do not strike at the cause 
The existence of a more or less voluminous pleuropulmonary cavitation 
communicating with an internal bronchial fistula is misleading Not 
until the bronchial dilatations and multiple small abscesses due to diftuse 
bronchopneuinomtis secondary to bronchial obstruction are cleared up, 
can cure follow The clinical symptoms improve when the “honey- 
comb” lesion IS more or less sufficiently drained through a tube penetrat- 
ing one of these cavities and proportionately to the extent that this 
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one caMt\ communicates witli the others The simptoms reappear 
wheneier this drainage tails In the meantime the disease spreads o\er 
the lung i\ hile the surgeon w onders w h\ the patient does not improi e, 
although “the ca\ it\ is adequateh diamcd ’ An intrabronchial injection 
ot iodized oil sohes the problem b\ showing the existence of bronclii- 
ectatic lesions Onh an eradication ot the iniohed parencliMiia in 
the chronic cases (and eieii then often onh with the help ot a permanent 
bronchostoni} I insures a clinical cure Bronchoscopic treatment m the 
earh stages ot the disease m this case would possibh haAe cleared up 
the aftected pulmonar\ area I agree with Pickhardt in considering 
‘dela^ed pneumonias’ cases calling for an actne and earh surgical 
treatment \\ hen the disease has ad\anced, procrastination and trans- 
ference” ot the unfortunate patients with the discharge note “lmpro^ed ’ 
will certainl} not cure them liie\ are doomed to certain death Is it 
not better to take the onh chance which is a radical operation^ Sauer- 
bruch, Lilienthal IMejer, Torek and their tollowers took these chances 
and ha\e saied more lues than ha\e the conser^atl^es in this field 
As against such conseriatism, I would adiocate a rer} consenatne 
boldness Onh b\ perfecting operatne procedures and decreasing the 
associated mortaht} w ill a solution ot the problems ot broncluectasis be 
found This goal can be attained b^ a more extensne stud^ of the 
ph\siolog\ ot these morbid states and it is on this ground that I haie 
submitted these suggestions 

COXCLCSIOXS 

1 A clinical classification distinguishing different forms of 
bronchiectasis is suggested, and the practical usetulness ot these distinc- 
tions has been set forth 

2 The necessit) for using a prolonged and progressne treatment 
against a chronic and progressue disease is shown 

3 In ad^anced forms of bronchiectasis, onh eradication ot the 
diseased parench} ma of the lung can produce a cure This according 
to the case, should be done b^ resection (lobectoni}), cauterization 
(cauterj pneumectomv of Graham) or exteriorization (\Vhittemore') 

4 In order to decrease the mortaliU incident to these operatii e 
procedures, a technic of ‘ multiple stage lobectom^” is outlined m which 
the follow mg stages are S} stematicalh performed in the order named 
artificial pneumothorax phrenicectomA thoracoplasti and Iobectom^ 

5 In support of this method physiologic pathologic and clinical 
data hare been presented 

6 Two cases ot adaanced bronchiectasis in which cure was achie\ed 
b\ the use ot this technic are reported 
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enter into the formation ot the so-called plexuses ot Auerbach and 
iMeissner That the orderh, rlnthmical ino\ements ot the intestine are 
dependent on its intrinsic nervous sjstem, and not on am inherent 
power possessed b\ the indnidual muscle cell, is accepted b\ some 
obsen ers but denied b} others Rosenstein and Kohler ^ stated that 
it the mucosa and submucosa are remoied from a loop ot intestine 
the automaticit} of the intestinal moiement m the affected loop is not 
disturbed Since the plexus of Meissner lies within the submucosa 
just beneath the mucosa, and the procedure of remoimg the submucosa 
detaches this plexus from the underhmg musculature, it is to be pre- 
sumed that the plexus of Meissner is little or not at all concerned with 
the intrinsic moi ements of the intestine According to Rosenstein and 
Kohler, how ever, separation ot tlie arcular from the longitudinal lavers 
ot the muscular coat of the intestines destrojs the automatic actiiitv ot 
the circular fibers, but does not affect the automaticiti of the longi- 
tudinal fibers Gunn and Underhill,- Aharez and Mahonei " and ion 
Esoeld * w ere not m agreement w ith this "v lew of the mtnnsic nen e 
regulation of the intestine, since they foimd that the arcular muscular 
lajer when deprued of its assoaated nene net continues to show tlie 
tunction of automatic rhjdhmicitj 

The extrinsic, or regulator} , nen e suppl} to the intestine is dern ed 
parti} from the \ agi and partly from the splanchmc nen es Gaskell ^ 
Macleod,® Ba}hss and Starling' and others haie presented endence to 
show that the pnman action of the lagi is motor, while the action 
ot the splanchnic nenes is essentiall} antagonistic and perfonns the 
function of inhibition Ba} hss and Starling ' hai e show n that stimu- 
lation ot the ^ agi causes a prehminar}’^ inhibition but Hotz ® made the 
obsen ation that the stimulation of an\ senson nene produces an 

1 Rosenstein P and Kohler, Hans Ueber die Beinflu'siing der Darm- 
parahse durcli Nikotininjektion in das Ganglion Coeliaciim Deutsche Ztschr f 
Chir 210 315, 1928 

2 Gunn, J and Underhill S W F Experiments upon the Sunival 
of Mamahan Intestine, Quart J Exper iled 8 275 1914 

3 '\h-arez, W C, and Mahonej, L J !M\ogenic Xature ot RIn-thmic Con- 
tractions 01 Intestine, '\m J Phisiol 59 421, 1922 

4 ^ on Esoeld, L W Verhalten ion plexushaltigen und plexu-treien Darm- 
muskelpraparaten. Arch f exper Path u Pharmakol 134 357 1928 

5 Gaskell W H The Inioluntarx Nervous Svstem New \ork Longmans 
Green Companv, 1916 

6 Macleod J J R Phjsiologv and Biochemi>;trv m Modc'n trediciiic S 
Louis C V Mosbv Companv 1922 

7 Bavhss A B and Starling E H Prdimim-v Note on die Innervation 
01 Small Intevtine, Proc Phvsiol Soc Lend 24 122 18^9 

S Hotr Gerhard Beitrage zur Pathologic der Darml evwgi ngen Mi ‘ a o 
Gruizcreb d med u Cliir 20 257 1^00 
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period of inhibition ot intestinal mo\ement as preiiousl} described 
and as shown in figures 1 and 2, are not peculiar to stimulation of the 
vagus nene as such, but occur \\hene%er sensor} nerres in anv part 
of the bod} are stimulated Thus the introduction of the point of a 
needle during splanchnic analgesia, am dissection, as, for instance, the 
isolation of a blood \essel, or any pinching or squeezing, as during 
the course of the application of a hemostatic torceps, produces an 
exactly similar effect For this reason we must assume, with Hotz 
that the prehminar} inhibitor} phase of lagus stimulation is the result 
of an action on the sensor} fibers rather than on the motor fibers of 
which the lagus nerv'e is composed Comerseh cutting of the lagi 


CftiiKiSSSZiiBMSZau! ■ iti.-immkjj lllltlllu»miranm| 



Fig 2 — Kjmographic tracing, showing the effect produced b\ shmulation of 
the right lagus nene with a faradic current Immedlatel^ following this stimula- 
tion there was a cessation of intestinal morement, associated with a definite increase 
in intestinal tone After the return oi intesOnal tone to normal, the mtestinal 
motement became much more actue than beiore stimulation 

has been found to produce a decrease m the amplitude of mtestinal 
movements, preceded, houeter, b} a transitor} increase in motilit} 
which presumably results from the transitor} mechanical stimulation 
incident to the section Moderate decrease m motilit} is noted after 
the section of one lagus nene, but when both lagi are cut the effect 
IS still more noticeable (fig 3) This diminution of intestinal moie- 
ment lasts for a variable penod of time, alter u Inch the intestine tends 
to resume its normal motiliti, the nene motor-inhibitor mechanism 
apparently being capable oi readiustmg itself with a lair degree of 
rapidiU following the loss of either one or the other of its two 
antagonistic sets of regulator} nencs 
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extrinsic ner\e supph, mz , the ragus nenes and the splanchnic nenes 
Considering onh the extrinsic ner\e supph an\ attack directed against 
the ragi must ot necessit} imohe stimulation, rihereas a similar 
attack directed against the splanchnic nenes must in\ohe parahsis 



I'lg 4 — K\mographic tracing shoeing the effect of stimulation ol the left 
greater splanchnic nen e on blood pressure and intestinal mo\ ement A.s indicated 
b\ the arrow the left splanchnic nene was stimulated with a taradic current when 
intestinal moi ement was actne This produced an immediate rise in blood pres- 
sure which returned to normal after about two minutes There was an immediate 
cessation ot all intestinal ino\ ement and i temporan increase in intestinal tone 
followed b\ a marked loss of tone 



ITg 5 — KMiiograplnc tracing showing the effect ot stimulation ol the greater 
splanchnic nerees on blood pressure intestinal mot ement anJ intestinal tone The 
tracing shows three successi\e stimulations ot the right greater splanchnic neree 
a repetition ot effect result' i e a momentare rise in blood pre"ure an immedia e 
cessation ot all intestinal mo\ements and a lo" ot inte tinal tone 
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Interruption of impulses traveling centrifugally along the splanchnic 
nerves may conveniently be performed m two places by chemical means 
the first, at the point where the white rami communicantes leave the 
spinal cold by way of the ventral or motor root, the second, in the retro- 
peritoneal space in the region of the first lumbar vertebra, where the 
nerves enter into the formation of the semilunar ganglia and the 
greater, lesser and least splanchnic plexuses Chemical section of 
the roots entering into the formation of the splanchnic nerves is tech- 
nically not difficult, since it involves merely the introduction of an 
anesthetic solution sufficiently high into the subarachnoid space to anes- 
thetize the segments of the cord from the fifth dorsal to the first 



Fig 6 — Kymographic tracing, showing the effect produced by division of the 
splanchnic nerves At the point marked by R, the right splanchnic nerve was 
divided, and at the point indicated by L the left splanchnic nerve was divided 
Following division of the right splanchnic nerve intestinal movement, which had 
been active previously, became almost completely abolished About three minutes 
after division of the left splanchnic nerve, the intestinal movements became hyper- 
active The tone of the intestinal muscle becomes markedly increased There is 
also a definite decrease in the blood pressure, which is gradual 

lumbar vertebra Such a procedure is, of course, commonly employed 
m operations on the organs lying in the upper part of the abdomen 
Actually the performance of spinal analgesia is not without danger, not 
only from the point of view of infection, to which the leptomeninges 
are particularly susceptible, but also from the point of view of intra- 
dural hematoma formation and mechanical injury to the cord, which 
could occur, of course, onl}- in those cases in which puncture is made 
at a higher level than the termination of the cord, although in this con- 
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nection the considerable ^a^atlon in the le\el of the position ot the 
conus inedullans must be remembered ^^'lth respect to the Ie\el 
attained as a result of spinal analgesia, it must be borne m mind that 
an anesthetic solution once introduced into the dural sac cannot be 
remo\ed and the height uhich anesthesia maj attain is, therefore, onh 
partly AMthin the control of the anesthetist 

Splanchnic analgesia b\ the posterior route, that is, according to the 
technic of Kappis ® although technicalh a somewhat more fonnidable 
procedure than that of spinal analgesia, is relatneh de\oid of danger 
when careful!} performed and for this reason seems a more logical 


> i « » 
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Fig 7 — K-Mnographic tracing, showing the effect of \agus stimulaUon on 
intestinal moiement after bilateral splanchnic section At the point indicated b\ 
the hrst arrow, the right \agus was stimulated bj a faradic current Immediateh 
following each stimulation there was a marked increase in intestinal tone, as well 
as intestinal moi ement, no moi emeiits ha\ mg been noted pre\ ions to these stimu- 
lations 


procedure Of the drugs used m producing spinal analgesia, onh those 
hatnng a local anesthetic action are suitable \Vhen the method of 
splanchnic analgesia is used, howeter, not onh anesthetic substances 
but an} drug which is capable of interfering with the transmission 
of impulses through the s^ mpathetic ganglia ma\ be used for example 

9 Kappic, M Ernlirungen mit LokalancsthcMC bci Bauchoperationen 
Verlnndl d deutsch Gevcll'ch f Cliir 43 87 1914 
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nicotine, which piesuinably exeits no eftcct on the neive tiunk itself, 
but paralyzes the synaptic junction in the semilunar ganglia 

The piesent lepoit concerns particulaily a consideration ot the 
relative merits of spinal and splanchnic analgesia, and, as fai as 
splanchnic analgesia is concerned, with the relative meiits of the drugs 
procaine hydrochloride and nicotine The e\peiimental results repoited 
were obtained from a senes of seventy dogs Most of these animals 
w^ere rendered anesthetic piior to opeiative manipulation by the intro- 
duction of from 018 to 0 3 Gm of sodium barbital pei kilogiam of 
bod> weight thiough a stomach tube, but in several animals ethei anes- 
thesia was used All the experimental data have been lecoided by 
kjnnographic tiacmgs, and are, therefore, w'e believe, of iai greatei 
value than deductions from unaided oculai observations, howeiei care- 
fully the lattei may be made The operative technic consisted of 
laparotomy, follow'^ed by the introduction, through a small incision in 
the intestine, of a thin w'alled, rubber balloon into the lumen of the 
intestine, the balloon being connected b) means of a small rtibbei tube 
to a "Marey tamboui” ai ranged to record, by means of a lever and 
waiting point, on a lightly smoked kymogiaphic drum In e\ei} case 
concomitant blood piessure tracings were obtained from the carotid 
artery by means of caiinularization, pressure variations being conducted 
through a system of rubber tubes filled with sodium citrate solution to 
a mercury manometer, wdnch, in turn, was provided with a “ridei'' 
and a lecording point Respiiations were also recoided by means of 
a recording point, actuated by a tambour and connected by a i libber 
tube to a tiacheal cannula In almost all the cases the vagi w^eie dis- 
sected free dining the course of the operative manipulation incidental 
to the insertion of the carotid and tracheal cannulas In certain cases in 
wdnch the splanchnic nerves were isolated, the operative appioach W'^as 
through the flank in the region of the costovertebral angle, and access 
was thereby gained to the retroperitoneal space without perforation of 
the posterior parietal peritoneum For the most part, the operative 
procedures incident to the opening of the abdomen and the placing of 
balloons within the lumen of the intestines were performed in a bath 
of warm saline solution In this manner, the peritoneum and the con- 
tents of the peritoneal cavity were protected from exposure to the an 
and chilling 

SPLANCHNIC ANALGESIA (nICOTINE) 

Because of the beneficial effects of spinal analgesia in the ticatinent 
for ileus observed by others, Rosenstein and Kohler conceived the 

10 Rosenstein, P, and Kohler, Hans Therapeutische Versuche zur Bekamp- 
fung der Darmlamung durch Umspntzung des Ganglion Coeheum, ATed Kim 
22 530, 1926 
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idea that it the splanchnic ner\cs ^^ele blocked b} some substance which 
^\ould be specific for these neives, patients ^\lth ileus might be e\en 
moie eltectueh treated Because nicotine is supposedly specific m its 
action on simpatbetic ganglia, its action being that of paral}sis ot 
the sjnaptic junctions, these imestigators employed this drug both 
experimentalh and clmicall} Thej reported their results on twent}- 
two normal rabbits In this group of animals and in six additional 
rabbits in mIiicIi peritonitis had preiiously been produced b} the injec- 
tion of pure cultures of streptococci thej injected laiious drugs into 
the region of the celiac ganglia but among these drugs nicotine uas 
conspicuous b} its absence These particular experiments aie described 
b\ Rosenstem and Kohler ^ m great detail The expeiiments that thei 
supposedlj performed with nicotine are mentioned onlj briefly and aie 
not described in detail , thei stated merely that the i esults obtained 
b} the injection of nicotine into the splanchnic area are “similar” to 
those obtained bv the injection of other substances including procaine 
h} drochloride Rosenstem and Kohler reported ti\enty-six clinical 
cases of ileus m which the patients -were treated bj the injection ot 
nicotine “into the celiac ganglia ” Seienteen of the twentj-six patients 
were relieved of their ileus, nine, howeier, subsequently died These 
authors expressed the opinion that in nine cases, m wdiich no increase 
in peristaltic actnity w'as obtained an mactne nicotine salt had been 
injected 

In order to lerifj the results obtained by Rosenstem and Kohler,^ 
the following experiments were performed In nine dogs, a nicotine 
solution was injected into the splanchnic area In two animals two 
injections were made In all cases a balloon w'as inseited, as previous!} 
described, into the duodenum, ileum, and colon, respectnely In eight 
of the nine animals, the nicotine solution was injected into the splanch- 
me area, according to the technic of Kappis, within a short time after 
the stimulation of the ragi wuth the faradic current The ninth animal 
had recewed two prior injections of procaine h} drochloride into the 
splanchnic area before the nicotine solution was injected The i esults 
obtained m the latter case, however, correspond wath the general results 
obtained m the other cases The eftect produced b\ the introduction 
of a nicotine solution into the splanchnic area was as follows There 
was a marked and constant increase in blood pressure which with the 
exception of three instances, was alwais greater than 90 niiii ot 
mercura Tins blood pressure eftect was transitorj howeier lasting 
not more than three minutes the pressure thereafter returning to or 
falling slighth below normal (figs 8 and 9) The amount of nicotine 
administered was alwais 1 minim (006 cc ) (except m three instance'^'), 
since tills amount was the utmost that was considered '•ate to gne In 
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one case in which 0 5 minim (0 03 cc ) Avas given, there was a blood 
pressure increase of only 10 mm of mercury In one case in which 10 
minims (0 60 cc ) was given, there was an increase of considerabl} more 
than 154 mm of mercury (the utmost capacity of the manometer), the 
rise in pressure being so rapid and great that the mercury was forcibly 
ejected from the free arm of the manometer A third animal showed 
no remarkable effect from the injection of 2 minims (0 12 cc ) of nico- 
tine in divided doses In each instance the given amount of nicotine 
was diluted ivith 20 cc of distilled water, 10 cc of this solution being 
injected on either side into the splanchnic area This corresponds to 
the technic employed in splanchnic analgesia obtained with procaine 
hjdrochlonde in which relativel} large amounts of fluids must be used 



Fig 8 — Kymographic tracing showing the effect on blood pressure and intes- 
tinal moiement of the introduction of nicotine into the splanchnic area The most 
marked effect was a progressive and marked rise in blood pressure , the blood pres- 
sure fell to normal about three minutes after having reached its greatest height 
There was a marked increase in respiration which temporarily increased the pressure 
in the duodenum , the intestinal tracing was complicated by a superimposed respi- 
ratory component There was a decrease in tone in the ileum, and six minutes after 
the administration of the nicotine a definite but temporary increase in intestinal 
movement was noted 

to allow for unavoidable variations in the position of the point of the 
needle, through which the solution is injected Owing to the depth of 
the injection, it is obviously impossible to direct the point of the needle 
accurately into the ganglion itself The best that can be anticipated 
IS a deposition of the solution somewhere in the immediate vicinity of 
the ganglion Rosenstein and Kohler,^ in their experimental work on 
rabbits, injected tbe nicotine solution directl}-^ into the celiac ganglion 
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through a laparotoim iiKibion alter complete e\ laceration ot the abdom- 
inal contents a procedure which is obMoush impossible in the clinical 
treatment ot the a\erage patient with ileus hen splanchnic analgesia 
IS performed chnicalh with nicotine these in\ estigators ad\ocate a 
modification of the onginal Kappis technic m that the point ot the 
needle is thrust several millimeters bevond the ventrolateral surface of 
the bodv of the vertebra Such a procedure is distmctlv dangerous 
because of the likelihood ot wounding the intenor vena cava or aorta 
These authors stated that it is not onlv possible but necessarv to inject 
the nicotine solution directlv into the ganglion a procedure which is 
obviousl) chimencal 

In our series of experiments the effect on the duodenum ileum and 
colon produced bj the introduction ot the nicotine solution into tlie 
splanchnic area was inconstant with respect to both changes in the 
intestinal tone and the amplitude of intestinal movements In five cases 



Fig 9 — Kvmographic tracing, showing the efltect produced the introduction 
of nicotine into the splanchnic area As shown bi the lowermost tracing a definite 
increase in respirator} movement resulted The duodenal tracing, which is the 
second from the top, vvas complicated bv a superimposed respiratorv component 
The blood pressure tracing showed a tvpical gradual progressive rise, which 
reached a maximum after about four minutes, remained elevated for two and one- 
half minutes and returned graduallv to normal There vvas no change m either 
intestinal movement or tone in the ileum The colon however, showed a slight 
increase in tone 


the tone of the ileum was increased between 10 and 50 mm In onlj 
one case did the colon show anv increase in tone (20 mm ) In all the 
other cases m which a change vvas noted it vvas in the direction ot a 
decrease, which in no case was greater and usuallv was considerablv 
less than 15 mm With respect to the effect of penstaltic movements 
on amplitude, negligible effects were usuallv seen In one case how- 
ever, an increase of 10 mm vvas noted m the ileum and in another 
case a decrease of 10 mm in the colon otherwise changes vaned troni 
1 to 3 mm 
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From these lesults we aie foiced to conclude that nicotine when 
injected into the spanchnic aiea is piobably of little oi no value in the 
tieatment foi ileus It is conceivable that the injection of nicotine 
directly into the semilunar ganglion might pioduce moie pionounced 
effects than we have been able to obtain by diffusion of the solution 
However, diffusion is the only method that is clinically available and 
safe Furtheimoie, the injection of nicotine is open to seiious objections 
m that it produces rapid and exaggeiated inci eases in blood piessuie 
While this hypeipiesis might be toleiated with impunity by young 
persons and those with noimal vasculai S 3 'stems, it might prove dis- 
astrous to patients with an abnormally liigb blood piessuie and especially 
to those with vasculai lesions 

SPLANCIIMC ANALGESIA (PROCAINE IP'S tlROCHLORIDn) 

Our expel imental expeiieiice with splanchnic analgesia obtained 
with procaine hydrochloiide now extends ovei a senes of fifty animals 
Splanchnic analgesia has been induced m all cases by tbe posterioi route, 
according to the technic of Kappis “ In the expeiiments lepoited in a 
previous contiibution,^’- all of the observations weie made on animals 
having experimentally produced intestinal obstiuction The piesent 
series of experiments includes noimal animals and also ones in which 
mechanical obstruction had been piesent foi vaiying lengths of time 
In our pievious imestigation tiacings were obtained fiom the ileum 
alone In the piesent series tracings weie obtained of movements in 
the duodenum, ileum and colon in a niimbei of animals, the thiee bal- 
loons being used comcidentalh 

Although the technic of the intioduction of piocaine hydiochloiide 
solution foi the pioduction of splanchnic analgesia has been the same 
m all of oui expeiimental investigations, the quantity of solution so 
intioduced and the stiength of the solution have varied somewhat Oui 
oiigmal obseivations weie made, foi the most part, on animals that had 
leceued 20 cc of a 1 pei cent solution of piocame hydrochloiide bilatci- 
ally In subsequent cases, we have most fiequently used 10 cc of a 
2 pel cent solution of procaine hydrochloiide bilaterally In a few 
instances, as little as 5 cc on either side has been used 

In general, following the induction of splanchnic analgesia by pio- 
came b}diochloiide similar changes in intestinal motility and tone are 
noted m both normal and obstructed animals The obstiucted animals 
show a distinct tendency to leact more actively than the normal ones 
Much more constant and noteworthi effects aie shown by the intestines 
of the animals m e\hich onh one balloon bas been introduced FIow- 

11 Oclisncr, \ , Gage, I M and Cutting R A Treatment of Ileus b\ 
Splanclinic Anesthesia J M A 90 1847 (Tune 9) 1928 
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e\cr, animals into \\hose intestinal canals three balloons ha\e been 
introduced show unnnstakabh similar motor ettects This obsenation 
is interpreted as eMdencmg the inhibitori effect produced b\ trauma 
on intestinal moienients, since the ojieratne manipulation recpiired to 
mtioduce the three ballons represents not onh the trauma ot thiee 
entei ostomies, but also such injure as must ineeitabl} be inflicted dur- 
ing the course ot traction on the mesentere and surrounding structures 
incident to the isolation and identification of the earious parts ot the 
intestinal tract on -which enterostonn is to be perlormed Motor effects 
on the intestines of both normal and experimentalK obstructed animals 
included not onh a rise in the tone of the intestine -which in most cases 
was considerable, but also a somewhat spectacular increase in intestinal 
mo\ements (figs 10 and 11) In a certain number of cases, splanchnic 



Fig 10 — Kjmographic tracing, showing the effect produced b\ splanchnic 
block with procaine h\drochlonde Following the production of splanchnic 
analgesia, there was a tipical decrease in blood pressure, whicli was tollowed after 
one and one-half minutes bi a marked increase in intestinal tone, and this m turn 
was followed, after an additional minute, b\ a definite increase in intestinal mo\e- 
ments The increase in intestinal tone was onn temporan, lasting about three 
minutes The increase in intestinal mo^ements, howeier persisted 

analgesia has been unsuccesstul in restoring motilit) to a parahzed 
intestinal musculature Failures, when encountered, hate ustialh been 
due to lapses in technic in the injection ot the anesthetic solution This 
has been etidenced b} the fact that the blood pressure has remained 
unaffected Splanchnic effects hate neter been noted in the absence ot 
blood pressure changes In a few cases although the blood pressure 
has shown characteristic diminution the motor actnitt ot the intestine 
has been unaffected In no case in which splanchnic analgesia has 
tailed to produce characteristic motor ettects in the intestine howcier 
has ani other maneiner which we ha\e been able to emplm been «iic- 
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ccssful in icbtoiing motoi activity This is equivalent to saying that 
splanchnic analgesia has heen the most successful agent m the produc- 
tion of intestinal movements that we have heen able to employ 

Because of the mechanical featuies that we have used m recording 
intestinal activity, actual measmements aie of merely lelative value, 
since the si7e of the balloon used in the lumen of the intestine, as well 
as the level age applied to the wiitmg point on the kymographic 
drum, has been subject to minoi vaiiations, over which the experi- 
menteis have had incomplete contiol In eight animals in which the 
ileal tiacings alone weie attempted, a constant use was lecoided m 
the tone of the intestine, with the single exception of one animal, in 
which both splanchnic neives had picviously been cut, which animal, 
theiefoie, piesented an excellent contiol foi the othei experiments 
The aveiage inciease in tone on the k)mogiaphic tiacing was 29 5 mm 
As pieviously stated, the lattei figuie is of only lelative significance, 
hut the evaluation of the figuie may peihaps be appieciated when it is 



Fig 11 — Kjmogr iplnc tracing, sliowing the effect of vagus stimulation and 
splanclinic analgesia At the extreme left of the tiacing a typical leaction m both 
the ileum and the blood pressure was pioduccd by stimulation first of the right and 
then of the left vagus nerves by means of a faradic cunent In the center of the 
tiacing the animal was turned and a splanchnic analgesia was produced There 
followed a slight fall in blood pressure, which, however, was not marked After 
ibout one and one-half minutes there was an increase in intestnnl movement, fol- 
lowed by a marked increase in intestinal tone This increase in tone lasted about 
one and one-half minutes, at which lime the tone became greatest The tone then 
fell for an additional two minutes, and reached its lowest level at the end of this 
period Intestinal movement persisted for an additional two minutes Three and 
one-half minutes after the tone of the intestine had assumed a normal level, the 
tone again increased remarkably without, however, any evident increase in intes- 
tinal moiemciit This increase in tone is similai to that observed in the first 
instance 


lealizecl lliat with tlic use of the same system and the same application 
of leverage tlie noimal amplitude of intestinal movement was icprc- 
sented by an exclusion of the lever which was not ordinarily greater 
than from 3 to 4 mm In addition to this lather spectaculai inciease 
m tone, the amplitude of intestinal moxement itself is invariably 
increased aftei the pioduction of a successful poslciioi splanchnic anal- 
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gesia In these eight animals, the a\erage increase in the amplitude ot 
motement, as recorded on the drum, ^\as 112 mm 

As to the a^erage duration of the effect of posterior splanchmc 
analgesia obtained ^\lth procaine In drochlonde, the increase of tonus 
IS considerabh more transitor\ than the increase of intestinal mo\e- 
ment The total duration of the motor effect of posterior splanchnic 
analgesia ^ aries considerabh It has ordinanl} been not less than from 
fi\e and one-halt to six minutes, and occasional!) has been seen to per- 
sist foi as long as one-balf hour or more The duration of the spec- 
tacular rise in tonus ordmarih lasts for only from three to four min- 
utes, although occasional!) somew hat longer Although the motor 
effect of posterior splanchnic analgesia on the intestinal motilit) is ne\ er 
noted in the absence of diminution in blood pressure, there seems to be 
no constant relationship behteen the amount of the blood pressure effect 
and the magnitude of the changes in intestinal tonus and mo^ement 
Sometimes animals showing rather insignificant decreases in blood pres- 
sure manifest spectacular changes in intestinal tone and motiliti iihile 
animals showing radical decreases of blood pressure may show rather 
insignificant motor and tonus changes On an aterage, the amount of 
decrease of blood pressure noted m our experimental dogs has been 
20 mm of mercur) Howeier, characteristic motor and tonus changes 
have been noted m animals showing a decrease in blood pressure of 
onl) 2 or 3 mm , while certain animals ha^e shown decreases of from 
50 to 56 mm of mercur) 

When the effects of posterior splanclinic analgesia produced b) pro- 
caine h) drochlonde on the duodenum, ileum and colon, as shown in 
those animals in which balloons were introduced coinadentalli into dif- 
ferent parts of the intestinal tract are compared, the effect on the ileum 
IS much more striking than the effect on either tlie duodenum or the 
colon No changes of significance hare been noted in the colon in 
respect to either tonus or motilit)' This observation is not incon- 
sistent with w'hat IS known concerning the innen^ation of the colon 
The splanchmc analgesia discussed in tliese expenments is not calcu- 
lated to interfere with the splanchnic fibers that supph the lowermost 
part of the intestinal tract In fact, it is doubtful tliat colonic moie- 
ments are under the same sort of dual innervation as the more cephalad 
portion of the gut It has been stated that the splanchnic fibers sup- 
pl)ang the colon act in both a motor and a sensor) capacit) According 
to Langdon Brown,^- however, the nerve supph of the large bowel is 
derived from the pelvnc vasceral nerve and the inferior mesentenc 
ganglion, the former being motor the latter mhibitorv 

12 Brown, Langdon The Svmpathetic Vervou' System in Di'-ea^e London 
Henrv Troude and Hodden and Houghton 1923 
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The eftecl ot splanchnic analgesia on the duodenum is considerably 
moie variable than is the effect on the ileum As previously stated, 
when the “three balloon technic” was used, the lesults of splanchnic 
analgesia were relatively inconstant, but this inconstancy was noted par- 
ticularly in the duodenum as compaied with the ileum As a lule, 
increases in duodenal tone and movement apparently are caused by 
splanchnic analgesia obtained with procaine hydrochloiide In some 
cases increases m tone have been veiy great In one case this amounted 
to 40 mm , but usually the increase was not greater than 5 mm These 
values, like the values given previously in the discussion of the effects 
on the ileum, are of only relative significance, but the balloon, the con- 
nection and the system of levers were purposely made as similar as 
possible m all cases, so that a fall or a rise of a given number of milli- 
meters m the duodenum can be compared fairlj’ with a similar rise or 
fall in either the ileum or the colon In some instances, the effect of 
splanchnic analgesia on the duodenum apparently was expressed in a 
decrease of tone In one instance, this was 20 mm and in another 
instance 10 mm , but these values seem to represent exceptions to the 
general tendenc}'^ The effect on movement m the duodenum was not 
particularly significant In general, changes m the amplitude of move- 
ment in the duodenum are much less constant and of considerably less 
amplitude than in the case of the ileum 

Domenech presented experimental and clinical evidence to show 
that following the induction of spinal analgesia m the dog theie is a 
considerable, and rather immediate, augmentation of intestinal con- 
traction, as well as an increase in the frequency of these contractions 
As a result of this action, bowel contents are evacuated, and the effect 
persists for from one-half to one hour This action is abolished aftei 
the injection of ati opine sulphate, and paralysis of the gut ensues 
A similar paralysis follows the induction of rather piofound narcosis 
Section of the splanchnic nerves produces an effect similar to that of 
spinal analgesia, which the administration of atropine also abolishes 
Peritonitis, Domenech believed, produces paralysis of intestinal move- 
ment as a result of an irritative reflex arising in the sensory terminations 
of the splanchnic nerves and relayed through the spinal cord Spinal 
analgesia abolishes this reflex, and thereafter the intestine resumes its 
normal movements 

Because of the experimental evidence of Domenech cancel ning 
the effect of spinal analgesia on the rate of peristalsis in the dog’s 
intestines, we have carefully examined the rate of the duodenun, ileum 

13 Domenech, quoted by Rosenstein, P and Kohler, Hans Med Khn 22 
530, 1926 

14 Domenech, Olsina F Action de I’anesthesie rachidienne sur h motihte 
mtestmale f etude eNpenmentale), Presse med 37 66 (Jan 16) 1929 
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and colon both beloie and alter the prodnction ot splanchnic analgesia 
w ith procaine In drochlondc This rate \ aries in different animals from 
about elt\en to about fifteen contractions to the minute Contrarc to 
Domenech s obsen ations, n hen i\ e n orked u ith spinal analgesia, m 
e\cr} case the rate lolloping splanchnic analgesia nas the same as the 
I ate preceding the analgesia The effect of both cagus and simpathetic 
action on intestinal mocement nould, therefore, seem to be confined to 
the regulation of the amplitude of intestinal moi ements rather than the 
rate ot those moc ements As far as the experimental observations of 
Domenech are concerned, careful examination ot the tracings \chich 
he presented suggests that the inoc ements recorded by him are not 
purely intestinal but hac e transmitted respiratory pressure changes super- 
imposed on them \\& hare trequenti) found it impossible to obtain 
pure intestinal motor tracings on the kymographic drum uhen the 
intestines are uithm the abdomen of the expenmental ammal, and not 
infrequently, even uhen intestinal loops containing a balloon hare 
been remor ed from the abdominal car ity and har e been allorr ed to float 
freely m rrarra saline solution, hare transmitted respiratory mor ements 
been a predominating factor in the tracing The manner of production 
of these respiratory excursions and transmission of the respiratorr 
components of the tracing are not difficult to understand Pressure is 
transmitted by the descending diaphragm to the stomach and also to 
any loops of the small bowel rrhich may be m the immediate rnanity 
It the lumen of the small intestine contains fluid, as it alrrays does in 
the case of intestinal obstruction, and to a less extent if it contains gas 
pressure is transmitted mechamcally not only*^ from loop to loop but 
also directly along the entire extent of the lumen tlirough the inter- 
mediation of the bowel contents The respiratory component of a 
bouel tracing is apt to be more marked, therefore, in cases in uluch the 
lumen of the intestine is filled with fluid matenal than otherwise If in 
the begmmng a normal traang of the intestinal moiement is obtained, 
the rate being counted, and if, as the result ot manipulation, the intes- 
tinal movement subsequently becomes complicated by a marked 
lespiratory" component, the latter tracing may easily be interpreted as a 
purely intestinal mo^ement, the rate of uhicli is the same as the 
respiratory" rate As the respiratorv rate is normally considerabh 
greater than the rate of the intestinal moiement, one is always liable to 
be misled into thinkmsr that the rate ot intestinal mm ements has been 
increased, unless concomitant tracings of both respiratorv and intestinal 
rates are obtained Frequently eien with both the respiratorv and the 
intestinal tracings on the same drum it is difficult to sat whether a 
pure intestinal tracing is being obtained or whether the movements of 
the w riting point on the drum are essentialh respiratorv Presumabh 
Domenech has been guiltv in his experiments of counting an initialh 
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pure intestinal tracing and compaiing it with a subsequent respiratory 
one Only in this manner do we believe that he has been able to show 
a change in rate as the result of spinal analgesia 

SPINAL ANALGESIA 

In order to compare the lesults obtained with spinal analgesia with 
those obtained with splanchnic analgesia, a senes of dogs was used m 
which both spinal and splanchnic analgesias were produced This 
comparison is especially valuable because of the large numbei of clinical 
observations that have been made following the induction of spinal 
analgesia m cases of ileus Wagner,^® m 1922, gave the first report of 
the use of spinal analgesia m ileus Since that time numerous observa- 
tions have been made, especially by the French school Asteriades,^® 
Mauclaire/’’ Lapointe/® Vanlande, Boppe and Okmczyc,^® Picot and 
Guibal Duval, in 1927, collected 400 cases of acute ileus in which 
spinal analgesia had been used Maikowitz and Campbell®® emplo}ed 
spinal analgesia m experimentally produced ileus in dogs Their results 
in cases of physiologic, chemical, and traumatic ileus compare f ai orably 
wath the results obtained clinically by the observers mentioned The 
only investigators, besides ourselves, who have reported experiments 
on splanchnic analgesia are Rosensteiii and Kohler,®^ who worked with 
labbits exclusively In attempting to evaluate their woik, it should be 
appreciated that there is no comparison between the activity of the 
intestinal movement in the rabbit and that in the dog While, wdien 
the abdomen is open, intestinal movements can be observed only once m 
a great while in the dog, these movements are invaiiably seen in the 
rabbit, and are often spectacular They peisist even after circulation 

15 Wagner, G A Zur Beliandlung des Ileus mit Lumbalanesthesie, Arch 
f G>nak 192 336, 1922 

16 Astenades, T Sur le traitement de I’lleus aspasamodique postoperatoire 
aigue par la simple rachianesthesie, Presse med 33 1480, 1925 

17 Mauclaire Apropos de la rachianesthesie dans I’occlusion intestinale, Bull 
et mem Soc nat de chir S3 472, 1927 

18 Lapointe, A La rachianesthesie dans I’lleus, Bull et mem Soc nat de 
chir 53 479, 1927 

19 Vanlande, Boppe, and Okinczjc Richianesthesie et ileus. Bull et mem 
Soc nat de chir 53 479, 1927 

20 Picot La rachianesthesie au cours de 1 occlusion intestinale, Bull et mem 
Soc nat de chir 53 486, 1927 

21 Guibal, P La rachianesthesie dans I’lleus, Bull et mem Soc nat de chir 
53 539, 1927 

22 Du\al, P La rachianesthesie dans I’lleus aigu. Bull et mem Soc nat de 
chir 53 596, 1927 

23 lilarkowitz, J , and Campbell, W R The Relief of Experimental ileus bv 
Spinal Anesthesia, A.m J Ph>siol 81 101, 1927 

24 Rosenstein and Kohler (footnote 1 and 10) 
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and respiration ha%c ceased, and continue lor some time thereatter 
otten \\ith great aetnite Graphic representations ot mtestial mo\e- 
ments m all ot Rosenstcin and Kohlers m\ estigations hare been con- 
spicuous b^ their absence An unaided risual obserration of mormg 
phenomena is notorioush subject to false interpretation especialh rrhen 
preconcened notions exist m the mind of the obsener as to -what he 
expects to find 

\Vhile the technic of lumbar puncture is not particular!} easr m the 
case of certain human subjects, in the case of ordmarr experimental ani- 
mals it IS not oiih difficult but, in our exjierience, rirtuall} impossible, 
at least in the dog In this animal the dural sac ma\ not ordmanh be 
punctured except at one point, caudal to the fourth lumbar rertebra 
At this lerel there is a hiatus, through -which a needle may be intro- 
duced, between the last lumbar vertebra and the ileum and sacrum 
The spaces between all other rertebrae are occluded br orerlapping 
laminae, which present a barrier to the point of the needle Domen- 
ech dei eloped a technic w Inch he has occasional!} been able to 
enter the dural sac by introducing the point of the needle considerabh 
lateral to the midline and directing it mediall} and toward the cenical 
region, thereafter gradualh working it between the laminae The intro- 
duction of a needle in the ordinary manner into the onl} a^aIlable inter- 
space, as preMousl} noted, is a matter of great technical difficult}, a 
difficulty Avhich is scarce!} appreciated when one obsenes the illus- 
trations sometimes shown in books of experimental animal surgery 
(Haberland -®), since the width of the dural sac at this point is scarce!} 
greater than 2 mm (fig 12) and the depth of the dural sac below the 
surface of the skin is 4 or 5 cm , or ei en more, depending on the size 
and the w^eight of the dog In a comparatii eh large series of animals 
w^e hare rarely been able to enter the dural sac with tlie point of a 
needle In the case in which spinal puncture has been successfulh per- 
formed, moreover, it has been found technicall} impossbile to keep 
the point of the needle accurately within the dural sac so as to enable 
the withdraw^al of cerebrospinal fluid, and a greater refinement of tech- 
nic than w e hai e been able to command w ould seem to be necessar} to 
inject successful!} an amount of solution sufficient to produce true 
spinal analgesia This ma} be parth due to the additional fact that 
the dural sac in this particular location is surrounded bi a compara- 
tively thick and friable fat pad, obiioush the introduction of a pro- 
caine h} drochloride solution must be made with considerable force in 

25 Domenech Olsina F Estudio experimental ^ clinico de la accion de la 
anestesia raquidea sobre la motilidad intestinal Re\ med de Barcelona 7 132 
1927 

26 Haberland, H F O Die operatne Technik de-- Tierexpenmentes Berlin 
Tubus Springer, 1926 
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this area, in order to insuie adequate diffusion in the subarachnoid space 
so as to produce a spinal analgesia of sufficient height An amount of 
fluid great enough to obtain this result piobably always eventuates in 
a regurgitation of fluid through the rent m the dura into the fat pad 
surrounding the dural sac Probably this cycle of events actually 



Fig 12 — The lower dorsal, lumbar and sacral portions of the spinal cord of 
the dog, showing an intact dura At the lower levels the conus medullaris is 
visible The marker on the left side indicates the area between the last lumbar 
eertebra and the sacrum, the only point at which spinal analgesia can be induced 
m the dog 

occiured in many of our animals, because complete relaxation of the 
rectal sphincters was uniformly noted, a sign which is consistently 
present in sacral analgesia 
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\\ c ML Imiih coininLcd that \\ith po'.sibU an exceednigh rare 
exception nn attempt at the piodnction ot a high spinal analgesia in 
the dog leMiIts not in a epmal analgesia but in a sacral analgesia, eehich 
I'- easih mistaken tor a tine spinal analgesia In the tinwan especialh 
It a concomitant blood pressure tracing is not obtained At least ne nish 
to go on leeord to the cfFcet that in no case has ane one ot the three 
piesent nncstigators been able e\en attei hours ot painstaking endear or 
to prodnec an nnniistakable high spinal analgesia b\ the introduction ot 
a needle through the unbroken skin m the lumbar region in the dog, the 
success ot the opeiation being gaged bj a trpical tall m blood pressuie 
Because ot our eonsistent failure to obtain a true spinal analgesia in the 
01 dinar} manner, spinal puncture, r\e concened the idea of pertorming 
formal laminectoiii} m the upper lumbar region therebr exposing the 
dura and subsequent!} injecting an anesthetic solution into the dural sac 
under the guidance ot direct rision Untortnnateh , this method 
succeeds scarcely bettei in our hands than does ordinarr lumbar 
puncture Eren r\ith the dural sac thus exposed it is a matter of 
insurmountable difficultr to withdraw cerebrospinal fluid from the 
subarachnoid space, and when an attempt is made to inject an anestlietic 
solution, the solution can be plain!} seen to exude from the dural sac 
through the puncture opening around the needle "We haie attempted 
with relatneh little success to a\oid this regurgitation both br bending 
the needle and introducing it for a considerable distance along tlie 
subarachnoid space cephalad and also b\ attempting to compress the 
dura against the needle mechanical!} The dura of tlie dog tears 
easil}, and the introduction of a needle stimulates reflex actiiiti to 
such an extent that it is a matter of considerable difficult} not onh to 
aioid producing a rent m the dura, but eren to retain the point of the 
needle within the dural sac The onh method b} which we hare been 
able consistently to obtain a satisfactorr , true, high spinal analgesia 
of such a nature as to gne the characteristic blood pressure decrease 
and splanchnic block has been formal lammectom} of the last lumbar 
together with the first sacral rertebra exposure of the terminal portion 
of the dural sac bv careful dissection of the fat pad in the rertebral 
canal and cannulanzation of the dural sac in this region under direct 
vision 

In connection w ith this discussion, it must be recalled that the stimu- 
lation of ail} sensor} nerre trunk produces an immediate shght fall 
in the blood pressure Such a fall in the blood pressure is constanth 
noted as the result of the mere introduction of the point of a needle 
through the skin, er en in an anesthetized animal Such a fall in blood 
pressure must not be confused with the decrease produced bi a cor- 
recth gnen splanchnic or spinal analgesia This pseudo-blood pressure 
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effect occurs immediately, is lelatively slight and is usually lelatively 
quickly compensated On the othei hand, the fall in blood pressure 
resulting from eithei splanchnic or spinal analgesia is delayed for at 
least a half minute, and the deciease in blood pressure is gradual and 
inclined to be profound, while at the same time it tends to persist for 
many minutes 

It should be noted in connection with the woiks of Domenech 
that any manipulation involving the coul, inevitably produces hyper- 
pnea Unless one is fully awaie of this fact, one may easily misinter- 


Fig 13 — Kvmographic tracing, showing the effect produced on blood pressure 
and intestine by spinal analgesia, and the subsequent effect produced by the 
administration of ephedrine In the upper tracing a distinct fall in blood pressure 
was produced b> spinal analgesia After about seven minutes there was an increase 
in intestinal movement associated with only slight increase in intestinal tone This 
persisted and was evident on the lower tracing where, at 4 05 p m , 1 cc of 
ephedrine was injected subcutaneously rollowing this there was a definite increase 
in blood pressure, and after about six minutes there was complete cessation of all 
intestinal movements, as w'ell as a loss in intestinal tone 

pret the respiratory tracing for true intestinal movement In tins 
maiinei, changes in intestinal late may be falsely interpreted 

One further obseraation in connection with diminution of blood 
pressure obseraed in spinal or splanchnic analgesia is worthy of par- 


27 Domenech (footnotes 13 and 25) 
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ticular note Dccroabts m blood prcbburc are frequently so profound 
as to cause an\icl\ as to the ultimate surM\al of the animal Under 
these circum'-taiicc'. one naturalK turns to the administration of some 
blood pressure raising drug especialK ephedrme or epinephrine The 
loss ot mtesiiiul tone tollo\Mng the use of these drugs is ^\ell knoun 
Both theorcticalh and e\}icrimeiitalh it is futile to expect to produce 
satisfactory augmentation ot intestinal motihtt in cases in ^^hlch either 
of these drugs has been pre\ioiisly administered (fig 131 

The following conclusions are based on experiments inrohing thir- 
teen animals in which spinal analgesia was produced Because of the 
difficulties in technic atorementioned, onK se\en represented cases of 
undoubted pure spinal analgesia In all cases of spinal analgesia which 



Fig 14 — Kjmographic tracing showing the effect on blood pressure, ileal 
motement and ileal tone produced b> spinal analgesia Immediateh following the 
induction of spinal analgesia, there was a definite decrease in blood pressure which 
was permanent About fort>-fi\e seconds after the fall in blood pressure became 
eMdent there was an increase in intestinal tone associated with a slight increase in 
intestinal mo\ ement One minute after the intestinal tone had become maximal 
intestinal movement became more marked The intestinil tone remained elevated 
tor about three minutes, following which it fell to a normal level The intestinal 
movement remained constant 

W'ere high enough to interrupt the splanchnic fibers, definite and constant 
changes m the blood pressure and intestinal movements were noted The 
most constantly observ ed phenomenon follow mg a successfully produced 
spinal analgesia is a fall in blood pressure, which may occur within a 
half minute after the induction of spinal analgesia (fig 13) This fall 
in blood pressure is usually gradual, but is more rapid than that which 
follow s the induction ot splanchnic analgesia The fall m blood pressure 
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lesulting fiom a spinal analgesia is fiom two to thiee times as gieat 
as that occur! ing after splanchnic analgesia 

Associated with, but invaiiably following, the deciease in blood pies- 
suie, an increase in tone, as well as an increase in intestinal movements, 
was noted after spinal analgesia (fig 14) The increase in tone 
occuiring after spinal analgesia is less marked and of shorter duiation 
than that occurring after splanchnic analgesia (fig 15) The increase 
in intestinal movements is, howcA'er, as constant and persists as long. 



lug 15 — K3mographic tracings comparing the effect of spinal and splanclimc 
analgesia The upper tracing showed the effect of spinal analgesia which was 
produced at the point indicated by the arrows There was a decrease in blood 

pressure After about one and one-half minutes there was a slight increase m 

intestinal tone followed by a definite increase m intestinal movement The lower 
curve illustrates the effect produced by splanchnic analgesia, in the same animal, 
after twent\ -eight minutes A fall in blood pressure resulted, the carotid cannula 
becoming obstructed After about three minutes there was a slight increase m 

intestinal moiement After fue minutes the intestinal moiement became much 

more marked and the tone increased rapidl\ , the increase in tone persisted for 
about five minutes, at which time a le\el was reached 
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II not loni;n ] In luiiu jx-inul m <kvu i^l in lilood prc^Mirc lolloutin; 
''jiiinl in ilqt'-i i 1- liitviii ^(.coikK ind the latent period ot the ri-'^ in 
tone ot the inte-tine tollowin^ •'pin.d inali:e-ia le iroin tliirt' to ''i\t\ 
«eeond« white is the latent ]Krio(l ol inerease in intestnnl actuite is 
'till lont;er trom si\i\ to ninetx seconds Oiir tneintrs show tint the 
niottir elieets ol spufel amli^esn and tint the prolongation ol the efrect 
ot both s])in il and spHnehnic malgesn are more marked in the obstructed 
gut thin in the not mil gut 

riic motoi tespome resulting trom stmnihilion ot the \agus n more 
pionoiincid iitd jitolonged alter spmnl analgesia than betore This 
coi responds with the result one would expect to obtain it the dual 
motor-inhihitor-\agus-spl'inehnie theor\ n correct In other words 
when chemical section ol the splanehnic nerees which are inhibitore to 
the intestine has been jiroduced the motor component ot the extnnsic 
ncr\c supph to the mtestme is alone operatue Theretore it lunctions 
without hindranee on an intestine detoiel ot mhihitore control Conse- 
qiientK the efieet ot stiniul ition ot the \agus under these circumstances 
IS maximal .\s a rule, the reaction ot the blood pressure to \agus 
siinnilation seems to be unaltered b\ spinal analgesia, and this is in 
distinct contrast to what we ha\e prcMOush obserted in the case ot 
splanchnic analgesia In splanchnic analgesia the blood pressure eftect 
tollowiiig stimulation ot the tagiis is characteristicalh abolished, or at 
least tends to be diminished, presumabh owing to diffusion of the 
solution used in splanchnic analgesia in such a wa\ as to inaohe at 
least a part ot the plexus cardiacus Occasionalh , as the result of 
splanchnic analgesia, the effect of the aagtis on one side shows diminu- 
tion or absence, while on the other side little eftect can be noted This 
lack ot uniformit} ma} be dependent either on the position of the 
animal during and subsequent to the administration of splanchnic block 
or on anatomic factors as ^et undetermined The reason whi the lagiis 
is unaffected in spinal analgesia, m contrast to splanchnic analgesia is 
that ordmaril} the diffusion of the anesthetic solution is not high enough 

III the latter to affect the lagus center 

COMIIEXT 

We beliei e that the use of nicotine in the treatment tor intestinal 
obstiucPon is contraindicated not onl} because it is ineffiaent in mcreas 
mg intestinal moiement but because of its undesirable blood pressure 
raising characteristics Amounts ot nicotine sufficient to produce ei en 
noticeable splanchnic effects are capable of doubling tlie blood pressure 
Doubling the blood pressure ot certain persons climcalh , especialh those 
of adianced age and those suffering from cardlO^ ascular disease won c 
be a hazardous procedure The use of this drug is definiteh contra- 
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indicated also in view of the fact that we have a better method of 
blocking the splanchnic nerves, which avoids this undesirable blood 
pressure change, namely, splanchnic analgesia obtained with procaine 
hydrochloride In several cases in this series of experiments, the animals 
died during the subsequent rapid fall in blood pressure following the 
initial rise due to nicotine At first it was considered that the animals 
died as a result of nicotine poisoning, but in view of the experimental 
use of the much larger doses of nicotine by Rosenstein and Kohler^ 
without fatal results, m the case of rabbits, we were forced to look 
further for the cause of death We then discovered that the mechanics 
involved in the recording of the blood pressure tracing in our experi- 
ments were such that considerable quantities of 2 per cent solution of 
sodium citrate found their way almost directly into the heart of the 
animal during the period of rapid diminution of blood pressure As 
we have been able to produce the death of animals by the rapid introduc- 
tion of sufficient quantities of 2 per cent solution of sodium citrate 
directly into the cardiac chambers, we assume that such an occurrence 
explains our fatalities 

Chemical section of the splanchnic nerves, either by subarachnoid 
block or by an infiltration of the retroperitoneal space in the region 
of the splanchnic nerves, as a therapeutic measure, is open to criticism 
because of the fall of blood pressure which it produces Depression 
of the blood pressure is more marked m spinal analgesia than in 
splanchnic analgesia, and for this reason spinal analgesia is probably 
less desirable A decrease in blood pressure is undesirable, because 
patients suffering from ileus usually have a relatively low blood pressure 
initially Any additional decrease in blood pressure is liable to reduce 
it to unsafe limits Again we wish to emphasize the fact that the 
common practice of combating this fall m blood pressure with epi- 
nephrine and ephedrme, while highly desirable in spinal injection 
intended primarily for analgesic effect, seriously minimizes the action of 
spinal and splanchnic analgesia on intestinal movements (fig 14) The 
decrease in effect on the intestines is probably due to a sympathetic 
stimulation at the neuromuscular junction peiipheral to the block pro- 
duced by the anesthetic solution As the splanchnic nerves are inhibitory, 
stimulation of them produces inhibition with resultant loss of tone and 
cessation of intestinal movements This is m accord with our experi- 
mental observation in that the animals which had previously received 
these drugs never showed the characteristic intestinal motor effects, 
and in cases in which motor activity was present, the injection of these 
drugs speedily caused an inhibition of movements 

Considering the effect of spinal and splanchnic analgesia on motor 
activity, our evidence seems to show conclusively that splanchnic anal- 
gesia IS preferable The reason why splanchnic analgesia is more 
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cfliciciU tlnii ^luiul inilv^i'ii i" in no meins i])]nrcnt bince both 
jirocLilnns unolic chemical section ol tlic splmclinic neties The 
difleKncc m tfrccl is T])pirenll% (IlikiuIciU on the leiel at nhich th. 
lilock IS pertormeci W c proMsimnlli assume that the eftect on intestinal 
tone IS more marked following sphneinne analgesia than following spinal 
analgesia because not all the pathwaes ol the reflex arc ineoheel m 
the inhihiton control ot tone and intestinal moieinent pass through 
the ancsthclired jnrt of the cord, hut that a part of the mechanism 
maj m\ol\e the transmission ot impulses through the sempathetic 
plexuses cxtradiirilh in which ease the eftect of direct infiltration of 
the ganglia anei plexuses lormed In the greater and lesser splanchnic 
ncr\cs would jirodnce ,1 eompletc block, whereas subarachnoid block 
would produce in ineoinplete one 

Scieral nuestig.iirirs not ibl\ Domcnech,'^ ha\c assumed that intes- 
tinal paral\sii< m peritonitis is due to a reflex meohmg a sensorimotor 
arc through the splanchnic nenes ]])omencch has shown that parahsis 
ot the splanchnic ncr\es suffices to oeercome the parahsis due to peri- 
tonitis Wagner’ was able to combat pcntonitic ileus b\ the mtraspinal 

injection of procaine Indrochloridc Apparenth these authors haee taken 
lor granted that all ncrie fibers entering into the formation of this arc 
pass through the cord This we do not belieee to be necessanh true, 
since the simpathetic sistcin shows local autonoin\ and, while connected 
with the central nenous system, can function independent!} of it Both 
clinically and experimentally the effects of spinal and splanchnic anal- 
gesia are subject to considerable variation These aanations are prob- 
abh due to faults in technic Such aanations are more likel} to occur 
in connection wnth splanchnic analgesia, due not onl} to anatornic 
lariations in the position of the s}mpathetic ganglia, but also to tie 
technical difficult} of the procedure 

In spinal analgesia, while the aspiration of cerbrospinal fluid t iroug i 
the needle is positive evidence that the subarachnoid space as een 
entered, the point of the needle may not ahva}s be maintained wuthin 
the subarachnoid space during the entire pieriod of the injection o 
the anesthetic agent, and moremer, the lei el to wffiich the ana gesia 
may be obtained is be}ond the absolute control of the operator 

CONCLUSIONS 

Obviously, splanchnic analgesia wull be ineftectiie in the treatment 
for ileus m those cases of mechanical intestinal obstruction m w ici 
the obstruction has not been previously relieied by surgical mtenention 
Splanchnic analgesia is a method wffiich should be used ear } an no 
as a last resort, since it can hardly be expected that a patient who has 
already absorbed a lethal dose of toxin can be re'n%ed b} an} means 
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The accessoiy suppoitive tieatment of patients with ileus should 
not be neglected, especially the tieatment foi associated alkalosis, 
dehydration and chloiide deficiency 

As expeiimental splanchnic analgesia pioduces no maiked motoi 
effect on the large intestine, we believe that in the patients tieated by 
such analgesia the inseition of a lectal tube and the administration of 
an enema, in conjunction with the induction of the splanchnic analgesia, 
will piobably be of value In the late case, especially in the case of 
mechanical obstruction, at least one entei ostomy should be perfoimed 
pi 101 to the induction of the splanchnic analgesia 

In those cases of peritonitis in which the peiitonitic piocess tends 
to be localized, splanchnic analgesia should be used cautiously and only 
aftei due consideiation, because of the dangei of conveiting a localized 
into a geneialized piocess 

While the technic of splanchnic analgesia is not paiticulaily difficult, 
only one who has performed the pioceduie undei close supei vision oi 
who has taken occasion to piactice the technic on the cadavei and who 
IS thoroughly familiai with the anatomy involved should be consideied 
competent to peifoim it clinically 

Of the three general methods which have been devised foi the pio- 
duction of splanchnic analgesia, the Wendlung technic, which involves 
puncture of the intact anterioi abdominal wall, probably has no place in 
rational surgical inteivention The Braun technic involves preliminary 
laparotomy and somewhat extensive intra-abdommal manipulation, and 
is theiefore practically never indicated in the treatment foi ileus The 
third method, the method of Kappis, which involves the intioduction 
of a needle posteriorly through the flank, is almost invai lably the method 
of choice 111 the treatment foi ileus 

We lecommend the use of foui points of injection, as oiigmally 
described by Kappis, one on eithei side of the midline appioximately 
opposite the fiist lumbai veitebra, and one on eithei side below and 
at conesponding points opposite the second lumbai vertebia The solu- 
tion which we use and lecommend is a plain 2 per cent solution of 
piocaine hydrochloride m physiologic sodium chloride solution Twenty 
cubic centimeters of the solution should be injected at each of the 
lour points Due to the inhibitory effect of epinephiinc ephednne 
•ind atropine on intestinal movements, these dings should nc\ei be used 
cither before, with, oi after splanchnic analgesia ivhen used in tlie treat- 
ment for ileus 

Experimental c\idence is conclusne that wdien nicotine is injected 
into the splanchnic aiea it is of little value m increasing intestinal move- 
ment, and IS aho distmcth dangerous because of its marked cardio- 
\ascular eftccts 
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MtliDUU'Ii iia\L iioi iiKLcl qpinal an ilgcsia in the treatment foi 
ikus elinu ilh om expei iniental rc^ultb indicate that splanchnic analgesia 
IS jircferihle to ‘•pin d unlgcsia in increasing intestinal inoaement 
increase in tone i^- espeeialh notieeahle 

l^lood piessnie deteiinin itions should be made both before and alter 
the introduction ot an ane'-thetic ‘solution into the splanchnic area, since 
a tall in blond piessiire is iinanabK found after successful splanchnic 
blocks 1 his decrease in blood preesure indicates that a successtul 
analge'-ia has piohabh icsultcd While a decrease in blood pressure is 
thcoretiealh undesirable, we do not belieee that it ordinanh constitutes 
a contiaindication to the use of the method as this effect is neither 
undiih prolouiid nor prolonged Howeeer it must be admitted that 
1 eduction in blood piessurc is ordinanh undesirable, and this considera- 
tion should not be muiuiiized It constitutes one ot the duet objections 
to spinal analgesia in which method blood pressure decreases are 
characteristicalh ot greater magnitude 

Since the eftect of splanchnic analgesia on the motihti ot the intes- 
tine IS onh transitor\ (lasting trom six to thirte minutes in expenraental 
animals), this procedure mai be repeated in case the preiious injection 
has not proxed althogether successtul alter the lapse ot as short a time 
as one hour 

At the risk of lepetition we wish to express oursehes as of the 
opinion that additional stimulation of the colon b\ means ot an enema 
max be of distinct xalue as an accessorx to the induction ot splanchnic 
analgesia because of its stimulating effects on colonic moxement the 
colon being a part of the intestinal tract xxhich is affected onlx slightlx 
It at all, bx the chemical section ot the splanchnic nerxes 

Our clinical obserx ations in general surgical practice indicate that 
intestinal motihtx is much more frequentlx noted tolloxxing splanchnic 
analgesia than follow ing the induction of spinal analgesia in spite of the 
fact that epinephrine has been used more frequentlx in the former 
method than in the latter method 



INFLAMMATORY CECAL TUMORS 
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Studies of the pathologic enlargements of the ileocecal region usually 
have been confined to the commoner conditions , for example, neoplasms, 
tuberculosis and other granulomatous processes of definite etiology 
Difficulty usually does not arise in establishing the identity of a malig- 
nant condition of the cecum Earlier diagnosis of these lesions is 
desirable, however Similarly, the inflammatory swellings of definite 
etiology, especially tuberculosis and actinomycosis, usually aie readily 
recognized But there remains a conspicuous absence of early diag- 
nostic signs 

A brief review of some of the less common cecal tumefactions seems 
advisable before our series of cases is presented 

Lymphomas occur fairly commonly, but in comparison to carcinomas 
they are rare lesions Cinaglia ^ considered lymphomas in considerable 
detail The closely allied condition lymphosarcoma was recently reviewed 
by Rankin and Chumley ^ 

Cholesteatoma is one of the rarest of the cecal tumors Humiston 
and Piette ® reported a case in 1921, and Klemptner and Palmissand * 
another in 1927 The latter was in a girl, aged 18, and the tumor was 
found m the course of operation for ruptured appendix A glistening 
tumor, 7 5 by 0 5 cm , was peeled out of the wall of the cecum They 
concluded that the origin of the cholesteatoma probably was an embry- 
onic displacement of epidermal cells 

Lipoma of the cecum, like most of these lesions, has been identified 
only at operation Comfort ® recently reported twenty-eight cases 

* Submitted for publication, Dec 28, 1929 

* From the Division of Medicine, the Mayo Clinic 

1 Cinaglia, Raniero Linfoma dell’intestino cieco, Policlinico 33 1085, 1926 

2 Rankin, F W , and Chumley, C L Lymphosarcoma of the Colon and 
Rectum, Minnesota Med 12 247, 1929 

3 Humiston, C E , and Piette, E C True Cholesteatoma of the Cecum, 

J A M A 84 874 (March 21) 1925 

4 Klemptner, Dietrich, and Palmissand, D J Cholesteatoma of Cecum, 
Illinois M J 52 82, 1927 

5 Comfort, M W Submucous Lipomas of the Gasfro-Intesfinal Tract, to 
be published 



a ikuL\~r icons'— ci:c iL umors sss 

Matr\ ' rLjxirtLcl a cabt in which iniiibsii'^ccplion resulted Ihe pre- 
operatnt dngno'-is in tlicsc ca>-cb Ins usual]) been pohp ■\lthough 
single iioKp*: occur in the cceiiin, the\ are tistiall) a part ot a general 
poKposis ot the colon 

Lcionnomi ot the ceeuni has been described, and Podlaha ' tound 
a large one on the jin^terior wall of the cecum m a patient who was 
in good general condition 

Bazin reported a congenital mucous C}st m a child 8 months of age 

Pendl expressed the belief that hemorrhagic infarction of the 
cecum, with tumor lormation, is caused b) embolism or thrombosis of 
the superior mesenteric arter) 

The “mobile cecum ’ or “pchic cecum ’ associated with extreme and 
habitual constipation is apparentl) a source of trouble Schmieden 
expressed the opinion that the best treatment for this is resection There 
are numerous inflammator\ conditions in this region which often cause 
serious trouble and much diagnostic difficult) 

Although duerticulosis and dnerticuhtis of the right side of the 
colon are usuall) onl\ a part of a condition of duerticulosis of the 
large intestine, instances of cecal diverticulitis without diverticulosis of 
the remainder of the colon have been noted Cooke,^^ French and 
Greensfelder and Hiller called attention to the rant) of such a con- 
dition The latter reported four cases of traumatic solitar) duerticula, 

2 found m the course of 5,385 major operations and 2 in 400 necropsies 
on adults at the Michael Reese Hospital of Clucago 

There is another and a more common pericecal and cecal mflam- 
niatory lesion, with the formation of tumor, wduch at times causes 
obstruction, and the etiology of this is even more uncertain than that 
of some of those noted W J Ma) 0 ,^^ in 1888, reported cases in which 
ty'phhfas or penty'phlitis ga^ e rise to palpable tumors Similar conditions 

6 Matrj, C Lipome du caecum Imagination Colectonue droite Guenson, 
Bull et mem Soc nat de chir 54 1375, 1928 

7 Podlaha, J Leiom 3 0 ma of the Cecum, Cas lek cesk 63 1585 1924 

8 Bazin, A I Mucous Cyst of Caecum (Congenital) , Primarv Intussus- 
ception General Considerations, Canad M A J 15 130, 1925 

9 Pendl, Fntz Hamorrhagischer Infarkt des Coecum, Beitr z khn Chir 
115 606, 1929 

10 Schmieden The Mobile Cecum as a Cause of Disease, Berlin Letter, J A 
M A 93 135 (Julj 13) 1929 

11 Cooke, A B When Appendicitis Is Not Appendicitis, A Case of Di\er- 
ticuhtis of the Cecum, J A M A 78 578 (Feb 25) 1922 

12 French, R W Dnerticuhtis of the Cecum with Report of Three Cases, 
Boston kl S J 189 307, 1923 

13 Greensfelder, L A , and Hiller, R I Cecal Dn erticulosis with Special 
Reference to Traumatic Dnerticula, Surg G%-nec Obst 48 7S6 1929 

14 Majo, W J Inflammations ImoUingthe Cecum, Its Appendix, or Both, 

Tr Minnesota State Med Soc, 1888, p 63 
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have since been noted i epeateclty Rankin published illustrations and 
a description of this condition Hartwell/® in 1921 and Kolouch/" in 
1923, spoke of nontuberculous inflammations of the cecum Bachlech- 
ner stated that recurrent chronic appendicitis caused these lesions 
Lazarus^® reported five cases of piimary inflammatoiy tumors of the 
cecum without involvement of the appendix He consideied tiauma, 
infection and decubitus ulceiation as factors m their etiology He made 
note of the fact that ileocolostomy and resection may become necessary 
because of inabilitj' to make a diagnosis without lemoving the ileocecal 
portion of the bowel Walters and S>nhorst®® called attention to the 
“ligneous infection” of the cecum Erdmann and Claik,®^ in a report 
of forty-eight cases in ivhich tumors of the cecum occuiied, noted that 
thirty-seven were caused by carcinoma, seven by tubeiculosis, two by 
lymphosarcoma and two by chronic inflammation of undetermined etiol- 
ogy ' Nemilov called attention to the fact that these tumois may 
arise after appendectomy, he expressed the belief that the silk ligature 
used to invert the appendiceal stump may be their point of origin He 
regretted the fact that neither textbooks nor surgical monographs call 
attention to this condition It was this relative laieness, the accompany- 
ing diagnostic difficulties and the therapeutic problems that these inflam- 
matory tumors presented which led us to report this series of cases 
The first ten cases which compose group 1 repiesent inflammatory 
lesions of the ileocecal coil which caused considerable diagnostic difficulty 
and which did not present a definite disease entity fiom the standpoint 
of etiology 

Group 2 IS made up of the next nine cases, which weie particulaily 
difficult to distinguish from the cases of gioup 1 Finally, they pioved 
to be due to well recognized organic disease 

15 Rankin, F W Surgeri of the Colon, New York, D Appleton & Company, 
1926, pp 366 

16 Hartwell, J A Non-Tubercular Inflammation of Cecum, S Clm N 
Amcr 1 361, 1921 

17 Kolouch, F G Non-Tuberculous Inflammation of Cecum, Nebraska M J 
8 106, 1923 

18 Bachlechner, Karl Ueber entzundliche Ileocecaltiimoren, Beitr 7 klin 
Chir 124 103, 1921 

19 Lazarus, J Primar\ Inflammator\ Tumor of tlit Cecum tVithout 

Appendicitis, Am J Surg 1 350, 1926 

20 Walters, Waltman, and Svnhorst, A P Ligneous Infection of Cecum 
Resulting from Subacute Appendicitis, S Clm N Amer 6 1203, 1926 

21 Erdmann, J F, and Clark, H E Tumors of Cecum, Discussion and 
Report of Eortj -Eight Cases, Ann Surg 85 722, 1927 

22 Nemiloa, Alexander Ueber entzundliche Dickdarmgescliwulstc und ilirc 
Bedeutung m der Pathologic dcs Blinddarms, Arch i klin Chir 43 346 1928 
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In the last three cases, gioup 3, the patients had real trouble but 
at tunes little nas grossh demonstrable If such cases are carefulh 
chosen, the\ offer a held for unusual therapeutic results 

REPORT or c \sns 

Group 1 luflarnruator \ Lesions of the Ihocccal Coil Causing Palpable Tumor 
or Roeutgeiiologie Deformifv o~ Both — C\se 1 — \ farmer aged 48, came to the 
clinic in March, 1928, complaining ot “a mass in the abdomen” Three a\eeks 
before admission he had diarrhea for one daj, and two da\s after that he had 
an attack of repeated sharp pains due to gas, with much borborigmus which 
finalh had been reheaed ba enemas Folloaaing this he had been in bed for three 
daas and had lost 10 pounds (4 5 Kg) Examination ba a phasician at that time 
reaealed a slightla tender mass in tlie right loaaer quadrant of the abdomen In 
a aaeek his boaaels moaed regularla again, and he gained strength and felt aaell 
A-t no time had ana blood been seen in the stools, and he did not knoaa that he 
had had feaer 

General examination on admission reaealed nothing ot note except a mass 
about 8 cm m diameter, slightla tender and fixed in the right loaaer quadrant 
of the abdomen The temperature aaas 984 F !Moaements of the boaaels aaere 
regular about the time he aaas admitted The concentration of hemoglobin was 
estimated at 72 per cent , era throca tes numbered 4,200,000 and leukoca tes, 4,600 
for each cubic millimeter of blood Roentgenologic examination of the colon 
after a barium enema reaealed deformita of the cecum in a portion corresponding 
to that of the palpable mass Roentgenograms of the tliorax gaae negatiae 
results There aaere no parasites or oaa in the stools examined, and no occult 
blood aaas found A. probable diagnosis of malignant lesion oi the cecum was 
made 

Exploration aaas undertaken, and ileocolostoma aaas done Inaestigabon of 
the lesion, aaith the abdomen open, suggested the surgical diagnosis of carcinoma 
of the cecum Resection of the right side of the colon aaas undertaken later, 
and the pathologic report on the specimen remoaed aaas as folloaas “MucOsa 
intact , stricture due to a chronic abscess in the aa alls oi the ileum and cecum 
Xo carcinoma found” (figs 1, 2 and 3) 

The excellent general condition of the patient and the short histora 
aa ere distinctla against the diagnosis of a malignant condition Nea er- 
theless, the mass and deformita of the cecum placed mahgnanca upper- 
most in our minds and demanded exploration 

CasE 2 — \ single aaoman, aged 28 came to the clinic on Feb 23 1928, 
because oi a lump in the loaaer right quadrant of tlie abdomen In 1921, she 
had an appendectoma performed elseaahere tlian at the clinic In 1922, she had 
begun to haae burning discomfort across the upper part ot the abdomen, aaith 
nausea In 1926, a burning aching tape of pain had begun aaith cramps about 
the umbilicus and in the right loaaer quadrant of the abdomen, these attacks had 
lasted for one or taao daas and had occurred at frequent interaals occasionalh 
associated aaith aomiting feaer and bloating In Xoa ember 1926 exploration 
had been undertaken elsewhere, and the folloaaing report had been giaen ‘Much 
straaa -colored fluid found in the abdomen and a lump the size of a hens egg in 
the right lower quadrant a specimen remoaed failed to show tuberculosis or 
mahgnanca \iar the exploration the lump had increased in size and alter 
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roentgenologic examination the lumen of the cecum had been reported as becoming 
smaller There had been no loss of weight 

On the patient’s admission to the clinic, there was a movable, tender mass in 
the right lower quadrant of the abdomen There nas no clinical evidence of 
thoracic disease, but roentgenograms showed evidence of scars in both apexes, 
as of an old tuberculous process On one occasion the temperature was 99 6 F 
Concentration of hemoglobin was estimated at 71 per cent, erythrocytes numbered 
4,600,000 and leukocytes, 6,200 in each cubic millimeter of blood On February 
24, roentgenologic examination of the colon after a barium enema disclosed a filling 



Fig 1 — Colon after barium enema, presenting smooth angular deformity of 
the cecum 

defect in the cecum and ascending colon, and another roentgenologic examination, 
on March 14, suggested that the lesion was extrinsic to the cecum 

On March 20, exploration was undertaken, ileocolostomy was done and an 
indeterminate diagnosis of cecal mass was made On April 5, resection of the 
right side of the colon was done, and a diagnosis was made on the basis of 
pathologic CMdence of chronic inflammatory lesion and contraction of the lumen 
ffigs 4 and 5) 

The long historj of the lesion of the right lower quadrant of the 
abdomen, the histor} of the finding of straw-colored fluid in the abdomen 
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at previous exploration and the disclosuie by loentgenogiam of the 
thorax of an old, healed tuberculous lesion demanded, in spite of the 
negative lesult of the biopsy which was done elsewhere, that tubeiculosis 
be considered In spite of the fact that oui exploration revealed only 
a chronic ulcerative, inflammatory lesion, it still is doubtful that we have 
ruled out tuberculosis in this case 

Case 3 — man, aged 43, came to the clinic on Oct 8, 1929 He had undei- 
gone appendectomy elsewhere than at the clinic in November, 1928 For a month 



Fig 4 — Colon after barium enema, presenting the large defect thought to be 
due to a pericecal lesion 


preceding this there had been recurrent attacks of abdominal distress, diffuse at 
first, but crentually localized more on the right side Two veeks after the 
ippendcctomr , he had begun to have diarrhea and had averaged between five and 
siv loose, vvaterj stools in tvventj-four hours In June, 1929, the diarrhea had 
become more severe, so that he was having between twelve and eighteen loose 
stools, w ith much cramping and pain in the low cr part of the abdomen 1 he 
stools had been liquid and black Fresh blood had not been seen T here had 
been nausea and v omiting In August, an abscess formed in the scar that fol- 
low ed appendectomv After this abscess had formed, it had Oficned and closed 
at intervals Six weeks before admission, the patient had lost weight and strength 
rapidlv His weight in health had been 170 pounds (771 Kg) 
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LN-iiniinttou on the intKiit s n(lini>-Mon tn the clinic rctulcd tint he weighed 
1 iS pounds ((>2 0 Kg) He ^PIx.'lrul to be nncinic nnd wns nnrkulK wcik 
] liere wis gcncnhzcd ^ln«^r<.^ gndtd 3, in the legs and tn the irnis The 
hemoglobin it this time wt. t'-tinntcd at 40 per cent, cr\throc\tcs numbered 
2010 000 lor each cubic millimeter ol blood There was a firm, apparciuK fixed 
mass m the right lower quadrant ot the abdomen just to the right of the old 
operatnc ir Koentgcnologic examination ot the colon sliowcd ceidence ot an 
ulceratuc lc--ton ot the ascending and transserse colon Roentgenograms ot the 
thorax re\e iled healed lesions m both apexes, and there were no clinical signs 
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Fig 5 — Resected specimen opejied to show the mucosa , o tip ot cecum , b, 
ascending colon 

ot thoracic disease The diagnosis rested between tuberculosis and chronic ulcera- 
tue colitis The patient's condition made it inadsisable to consider surgical 
inters ention Measures for general upbuilding, reliet from edema and trans- 
lusions were instituted, and although there was temporarj improsement, the 
patient died on Nos ember 2 Necropss resealed a healing ulceratise lesion of 
the ascending and transverse colon, a dense, fibrous stricture at the ileocecal 
salse and polsposis of the ascending colon (figs 6 and 7) 

Ant ulceratise lesion ot the right side of the colon should cause 
tuberculosis and chronic ulceratise colitis to be included in the difteren- 
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tial diagnosis The i oentgenologic obseivation of old pulmonan tubei- 
culosis and the piesence of the mass in the right lower quadiant of 
the abdomen indicated tubeiculosis m this case However, the absence 
of activity in the thoiax and the absence of acid-fast bacilli in ten suc- 
cessive examinations of stools and sputum were decidedly against the 
diagnosis of tubeiculosis Neciopsy disclosed chionic ulcerative colitis 
and polyposis The lattei is a complication that occurs in about 10 per 



Fig 6 — Colon after barium enema, showing the ulcerative lesion of the ascend- 
ing and transverse colon and the stoppage of barium at the cecum 

cent of cases of chionic ulcerative colitis The stiictuie of the ileocecal 
region has not been explained, but the effect of a foieign body must be 
considered in its causation 

Case 4 — A man, aged 36, came to the clinic on June 21, 1927, complaining 
of pam in the right lower quadrant of the abdomen He said that two 3 'ears 
before coming to the clinic his trouble had begun with cramps in the lower part 
of the abdomen, nausea, fever and vomiting, followed b\ residual soreness In 
March, appendectom)' w'lthout drainage had been done, follow’ed by fever for five 
dajs, and since that time aching in this region had been continuous and had 
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projected touird the riqht liip One month before the piticnt came to the chine 
abdoniiml cramps had been worse than betorc and had been increased m se\enU 
bj exercise, and b\ taking lood and drink Three weeks before he was admitted 
he had begun to pass water%, himp\ stools -Vbout that time, he first noticed 
the mass in the right lower quadrant of the abdomen 

On the patient’s admission to the clinic, except for a hard, seemingh fixed 
mass m tlie right lower quadrant of the abdomen, the results of general exami- 
nation were inconsequential The concentration of hemoglobin was estimated at 
75 per cent b\ the Dare method cr\tliroc\tcs numbered 4,970,000 and leukocj'tes, 
9,100 in each cubic millimeter ot blood, 35 per cent of the leukocstes were 
hanphoc\tcs Roentgenologic examination of the colon alter a barium enema ga\e 
a suggestion of a filling detect The temperature was 99 T on one occasion 
There was a loss of weight ot 10 pounds (4 5 Kg) diagnosis of cecal tumor 



Fig 7 — Specimen remoied at necropsi iiewed from the mucosal side, a, 
ileum, b, stricture, c, ascending colon with pohps 

(carcinoma or inflammatorv ) wa^ made Exploration reiealed an inflammatorj 
tumor at McBurnej’s point in the abdominal wall, to which the cecum was 
adherent A specimen was remoied 

The shortness of the histori, the sudden onset of the condition and 
the normal blood picture in this case were against the diagnosis of a 
malignant condition The mass and the filling defect brought such a 
condition into consideration in the differential diagnosis 

Case 5 — A. man, aged 53, came to the clinic on Oct 11, 1926 complaining 
of intermittent pain of ten rears’ duration in the lower part of the abdomen 
The pain usualh started suddenU witli cramps was worse when the patient was 
Ijmg down and was rehered br roiding enemas and purging 
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Except for tile nnss in tlic nirht lower quadrant ot the abdomen, which was 
firm and was apparenth fixed ind tender, the general examination ga\c negatue 
results The concentration of hemoglobin was estimated as 76 per cent There 
were 4,580,000 eijthrocites and 8,700 leukocjtes m each cubic millimeter of blood 
Roentgenologic examination of the colon after a barium enema disclosed a filling 
defect of the cecum A diagnosis of a lesion of the cecum was made, and at 
exploration a diagnosis of malignant growth of the cecum Ileocolostomy was 
done Three weeks later, a second operation was done with the intention ot 
resecting the grow'th This time it w'as discoaered that the mass had almost 
disappeared , it w'as found to be due to an appendical abscess (fig 8) 



Fig 8 — Colon after barium enema, presenting smooth angular deformity of 
the cecum (similar to that of fig 1) 

The difficulty of diagnosing these lesions is illustrated in this case 
Roentgenologic examination revealed a definite filling defect The 
suigeon who saw" the lesion thought that it w"as a carcinoma A second 
exploration w'as necessary to make the diagnosis of appendical abscess 

Case 6 — A boy, aged 6 jears, was brought to the clinic on March 1, 1926, 
with a historj of intestinal trouble of fi\e years’ duration There was a historj 
of diarrhea beginning at the age of 10 months, of anorexia and of blood and 
mucus m the stools Attacks were becoming more frequent and more severe 
At no time had there been more than five or six stools m twenty-four hours 
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I he pititiU wns 1 fiirK well nourished ho\, siinll for liis ige He was 7 
pounds (o 2 Kg) iindcrweiglit I lie Icmpcrntiirc w is 99 F on one occasion 
The concentration of lieinoglobin was 75 per cent, cr\tlircK;>tes mmibcred 5,000,000 
and Ieiikoc\tcs, 7,100 in each cubic inilliinctcr ot lilood Sigmoiditis was found 
on proctoscopic c\ainiintion and cultures made iroin the lesion re\ealed the 
usual diplostrcptococcus tint n found in eases of chrome uiccratnc colitis Roent- 
genologic examination liter a barium enema showed a lesion oi the cceum and 
ascending colon and a filling delect of the cecum V diagnosis ol clironic ulccra- 
tuc colitis and pericecal abseess was made 

The age of the patient the presence of chionic ulceratuc colitis and 
the mildness of the s\ni]atonis were against the filling defect being due 
to a malignant lesion With the absence of obstructne samptoms, it 
seemed wise to treat the patient bj medical means A letter m October, 
1929, reported that he was free from samptoms of disease of the large 
intestine three and a half a ears later 

C aSE 7 — A a\ omin, aged 56, came to the clinic because of pain in the abdomen 
of fiae months’ duration The pain tisualls began about the umbilicus and spread 
to both leaser quadrants and to the back, and sometimes to the left shoulder, it 
occurred about eacrv ten daas and lasted for seaeral daas In the three weeks 
before admission to the clinic, the attacks had become frequent There had been 
three sea ere spells, aaith aomiting and residual soreness \'oiding of urine aaas 
increased avith the attacks 

Examination reaealed a tender hard mass in the right loaaer quadrant of the 
abdomen and nothing else of note There aaas a loss of aa eight of 4 pounds 
(18 Kg) The concentration of hemoglobin aaas estimated as 63 per cent 
erathrocates numbered 3,890,000 and leukocjtes, 6,700 in each cubic millimeter 
of blood Roentgenologic examination after a barium enema aaas unsatisfactora , 
but gaae eaidence of a possible lesion of the cecum Diagnosis of tumor of the 
cecum avas made, and at exploration a ligneous infection and subacute appendi- 
citis aaere found The appendix aaas remoaed 

The size of the tumoi, the duration of the disease, the obstructne 
attacks from the cecal lesion and their sea'^erita aaould suggest inflam- 
mator) disease as the cause of the s}mptoms m this case 

Case 8 — A. man, aged 64, came to the clinic on Jula 13, 1926, aaith a histora 
of slight intermittent pain and soreness in the right loaaer quadrant of three 
aaeeks’ duration He had lost 30 pounds (13 6 Kg) in six months He had 
mild diabetes 

There aaas a small, tender, moaable mass in the right loaaer quadrant of the 
abdomen nothing else of note aaas found on general examination, except marked 
arteriosclerosis The concentration of hemoglobin aaas estimated at 73 per cent 
era throevtes numbered 5,350,000 and leukoc 3 tes, 5 600 in each cubic millimeter 
of blood Roentgenologic examination folloaaing a barium enema gaae eaidence ot 
slight deformitj of the cecum A diagnosis of chronic appendicitis aaas made 
Exploration reaealed subacute intestinal obstruction from adhesions about the 
loaaer part of the ileum The adhesions aaere freed It aaas thought that thea 
might haae caused the tumor Because of the marked arteriosclerosis the ques- 
tion of a small infarct as the basis of the condition aaas considered 
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In sjjite of the patient s age, the palpable tumoi and the loss of 
weight, it would haidl} seem probable that a malignant lesion would 
be found in this case Exploration, with a lesulting diagnosis of inflam- 
matoiy disease, settled the question 

Case 9 — A \%oman, aged S3, came to the clinic on Feb 10, 1926, %\ith a 
history of recurrent attacks of abdominal distress, progrcssuely increasing diffi- 
culty in moving the bo^^els, small stools and much borborjgnius She Ind had 
this trouble for ele\en \ears, but had not lost \\ eight There seemed to be a 
tender mass in the region of the ascending colon 

Roentgenologic exaniimtion following a barium enema ga\e eiidence of a lesion 
of the cecum and ascending colon, with a stricture at the hepatic flexure The 
temperature was iiornial Tlie concentration of hemoglobin w'as estimated at 74 
per cent Leukoc\tes numbered 8,100 A diagnosis of malignant lesion ot the 
ascending colon was made Exploration rerealed a stricture at the juncture of 
the cecum and ascending colon The stricture was excised, and a plastic opera- 
tion and ileocolostomy were done 

The size of the lesion and the recent inciease of tiouble, as well 
as the defoimity retealed m loentgenologic examination, caused us to 
consider a malignant piocess as the etiologic factoi in this case 

Case 10 — A man, aged 67, came to the clinic on Dec 19, 1928, wuth a histor\ 
of having had intermittent diarrhea for twentj jears He had had attacks of 
cramping pain in the right low'er quadrant and a feeling that "stoppage” to gas 
and feces was taking place The seventy of the pain had increased Anahsis 
of gastric content done elsewhere than at the clinic showed that free hydrochloric 
acid was absent Hjdrochloric acid taken during the six weeks before admission 
had caused improvement in the attacks of diarrhea, but they had continued inter- 
mittently He had lost 30 pounds (13 6 Kg) in the six months prior to his 
coming to the clinic 

The concentration of hemoglobin was estimated at 66 per cent, erythrocites 
numbered 3,350,000 and leukoertes, 6,300 in each cubic millimeter of blood 
There was marked tremor of the head and bodv In consultation wath the 
neurologist, we noted earlj changes in the spinal cord, and the presence of com- 
bined sclerosis was considered Analysis of gastric content after a test meal did 
not reveal free hydrochloric acid Roentgenologic examination of the colon after 
a barium enema showed a spastic filling defect m the cecum, probably due to 
tuberculosis Roentgenograms of the thorax gave negative results A diagnosis 
of tumor of the cecum was made, and exploration w'as undertaken A large, 
boggy cecum, deformed by marked adhesions between the parietal and visceral 
peritoneum on the right side and a chronically inflamed appendix were found 
The adhesions w’ere freed and appendectomy W’as done Subsequent treatment 
for the anemia was instituted 

The age of the patient, the anemia and the intermittent diarrhea 
pointed to a lesion of the cecum The anemia, the high color index and 
the early changes in the spinal cord, however, could explain the picture, 
except the cecal deformitv, on a basis of pernicious anemia 

Gioup 2 Definite Pathologic Conditions That Aie Difficult to Differentiate 
jiom Those of Gioup 2~Cvse II— A. man, aged 41, came to the clinic on Dec 
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1(' l'>27, comiihiiiinc m siomuii troiiI)k oi lour \cnrs’ dur Uioii This !nd 
oci.urrid n*. irnt^uiir itncks ot iwin iml Undtrnc'-s in tlie tirIu lower qiiadnnt 
oi the abdomen Tiie itt lek-- hid Ikcoiik ninro '•evtre m tlic icar before he 
cann. to the clime Iiie\ liad ocetirred <:e\cral iirmrs liter mcaK and at about 
10 p 111 \t time; a '-in- me <;liaiHd tumor had appeared beneath the scar loltow- 
imr apiieiidectoiiu which hail been done eKewhere in l‘)25 There was a historj 
OI cpidldMIlltl': 

llvammation re\eiled a tender ballooned rceioii m the ri},ht lower quadrant 
01 the abdomen The patinit hid lo'-t i5 poniid' (15 9 Kq ) in lour tears 
Hemoclobm was in a coiiceiitrafioii oi (la per cent cr\throc\tes numbered -1,390,000 
and leiikocttee, 17 300 in each cubic nnllnneter ot blood Roentgenologic e\ami- 
nation ot the colon alter barium eiicnia cue negatitc results -3. diagnosis ot a 
cecal lesion, with obstruction, was made L\plor ition retealed a tumor, which 
appeared to be inflaminatort , e\tciidnig iroiii the ileocecal juncture to the hepatic 
flcMire It was so larco and there was so much mflammation about it, that 

rcmotal was not possible Ileocolostoim was done 

The patient returned home and made some gencril improtement, but fiee 
months alter the first operation trouble reappeared He returned to tlie clinic 
Exploration at this time showed that the tumor was much larger, and tlie sur- 
geon considered tuberculosis and a malignant process as possible factors in its 
causation He did not attempt to remoie it, because if it were tuberculous its 

renioial would be associated with too great a risk and if malignant, it was 

clearlj inoperable The postoperatue reco\cr\ was uneeentlul, and the patient 
returned home It was reported sceeral months later that he had died and that 
adenocarcinoma had been discoeered at necropse 

This case illiii-trates well the difficult} encountered m making a 
diagnosis of some ot these cecal lesions There was a huge tumor 
without etident detect in the roentgenogram a slight degree of anemia 
and a fair general condition At exploration so much secondar}" infec- 
tion was found that a diagnosis could not be estabhslied 

Case 12 — A. man, aged 48, came to the clime on Aug 29, 1926, complaining 
ot attacks of abdominal pain of nine ^ ears’ duration The attacks usuallj had 
started as ‘ tw inges” ot abdominal pain, increasing to sharp “squeezing ’ pam 
which doubled him up Pams occurred from eteri three to four minutes and 
lasted for about one minute At the end of fi'e or six hours of such an attack, 
he would -vomit Morphine sulphate had been required for relief He had had 
these attacks as often as three or four times in two weeks, and sometimes had 
been free from them for two or three months at a time 

The temperature was not elevated Hemoglobin was m a concentration of 
74 per cent, er j threej-tes numbered 4,430,000 and leukoevtes, 5,000 in each cubic 
millimeter of blood Roentgenologic examination of the colon after a barium 
enema gave evidence of a deformit> of the cecum that was thought to be the 
result of an old inflammatorv or congenital lesion Roentgenograms of the 
thorax showed signs of an old bilateral pulmonarv tuberculous process Chni- 
callv, the nature of the cecal lesion was not established Exploration revealed 
three hv perplastic, obstructing, tuberculous lesions one of the cecum and two 
of the lower part ot the ileum These lesions caused stricture of the intestine, 
and ileo-ileostomv and ileocolostomv were done, which short-circuited about 90 
cm ot tlie ileum On account of the extent ot the lesion, resection did not seem 
advisible Recoverv was uneventful, and the patient returned two vears later 
m a good general condition 
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This case illustiates cleail} how CKtciisnc In pci plastic tiiheiciilosis 
can be without pioducing much tioublc as long as obstiuction is iehc\cd 

Case 13 — A man, aged 46, came to tlic dime m 1923 because of chronic 
ulceratne colitis His trouble was mild, and iirigations with meditated solu- 
tions were adiised He got along fairlj well, be bad between fne and six loose 
stools daily, frequentlj mixed witb blood In October, 1926, be began to bate 
pain m the right low’er quadrant, winch was noted particularh before motement 
of the bow'ds About December 20, after be bad carried a full sack of wheat 
to the top of his granarj, be expericiited a set ere, sudden pain m the lower right 
part of the abdomen, followed b\ feter, nausea and tomitmg Seteral da\s 
after that, he noticed a mass m the region in which he had had the pain 

The patient came to the clinic again on Jan 5, 1927, at winch time he was 
having about six rectal discharges c\cr\ twcnt\-fonr hours, mixed with blood 
and pus, and had a rather tender mass below ifcBurnej's point His temperature 
was 99 F He had lost 17 pounds (7 7 Kg) in the two niontlis prenous to 
admission The concentration of hemoglobin was estimated at 57 per cent, 
erythrocytes numbered 3,560,000 and leukocjtes, 12,100 m each cubic millimeter of 
blood Roentgenologic examination of the colon after a barium enema showed eii- 
dence of a filling defect of the cecum and the deformit\ of chronic ulceratwe colitis 
A diagnosis of chronic ulceiatue colitis and cecal tumor was made Exploration 
revealed a tumor of die cecum that was thought to be malignant, but the tissues 
around it w'ere the site of much mflaniniator> reaction Ileocolostoiiw was done 
on January 21 After a stormj course, the patient w'as discharged from the 
hospital and returned home He came back earl\ in March, and his condition 
had improved to such an extent that on March 16 resection of the tumor, a huge 
lymphosarcoma, w'as done The patient again experienced a stormy coiwalescence 
and finally returned home About a month before this report was completed, a 
report show'ed him to be in fairl} good health and back at work on his farm 

Because of the piesence of chronic ulceiative colitis, the sudden onset 
of the attack of pain and the cncumstances under wdnch it occimed, 
oui fit St considei ation was peifoiation of the cecum with abscess forma- 
tion The size of the tiimoi, its mobility" and the cpiestion of obstiuction, 
howevei, made exploi ation advisable 

Case 14 — A woman, aged 43, came to the clinic on No\ 30, 1928, complaining 
of cramping epigastric pam, with much rumbling Ihe condition had been present 
for several vears, but the attacks had increased in frcquenc\ and se\erity in the 
last few months She had lost 10 pounds (4 5 Kg ) Examination rev’ealed a 
mass in the right side of the abdomen wduch could be pushed up and dowm and 
from side to side Hemoglobin was m a concentration of 74 per cent Erjthro- 
ci tes numbered 4,430,000 and leukocytes, 5,000 in each cubic millimeter of blood 
Roentgenologic examination of the stomach and thorax gaie negatne results 
Investigation of the colon by roentgenologic methods, after a barium enema, showed 
a poljpoid filling defect in the distal portion of the ascending colon 

Exploration revealed wdiat was thought to be a polyp of the cecum, and ileo- 
colostomj was performed, and later right hemicolectonn The pathologist found 
the lesion to be a pedunculated lipoma 

23 Bargen, J A Chrome Ulceratne Colitis Associ ited with klahgnant Dis- 
ease, Arch Surg 17 561 (Oct) 1928 
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riiL nio\alilc nil'-', ilu '\mptnnis ot ob'-tniLlion and tlic good gcn- 
cril condition '-nititc^tid tint tlii'- k'-ion w i'- ot tlic poKixnd t)pc In 
tiic ab'-LiKL ot bjvtnii-- il-twlnu in tiu iiodi it noiild lie diftictilt e\cn 
to '-n^pcct tiic nitnrc ni ^ntli i Kmou 

C\^i 15 — \ tmii iuid (i2 ciiiit. ti> tile clinic on luiii. 17 1021, because ot 
pam III tlic aluIoiiKn One ^c ir prior to adini'i'.ion in. had bcciin to ha\c sore- 
ness ind crainpinir pain in tlit abdomen It had litcn ccncrahzLd o\cr tin, abdomen 
and had increased in s(.\(.rit\ ilthoiigh it had been vorsc m the right lower 
qiiadrint abo c a larcc ingiiina! hernia There was aPo rather marked arteno- 
sclerosis Four or fuc months prior to admission the patient had lost 20 pounds 

Kcr) 

The concentr ition oi iKiiiocloIiiii was c-tim itcd at 64 per cent crethrocstes 
numbered 5 560 000 and lLiikoc\tes 5 600 m each cubic millimeter ot blood 
Roentgenologic <.\amination oi the colon alter a barium enema gaee negatne 
results It was thought that the large scrotal henna or adhesions m that region 
might explain the distress uul the t>atient was sent to the surgeon tor hemlotom^ 
Exploration rctealed carcinoma ot the cccuiii Right hcrniotomj and resection 
01 the ileocecal coil were performed 

The negatne result ol tbt roentgenologic examination ot the colon 
and the presence ot the large hernia misled the clinician The attacks 
ot obstruction the loss ot weight and the anemia would suggest a lesion 
of bowel Knowledge ot the fact that an occasional ‘silent ’ carcinoma 
of the bowel occurs made exploration adaisable here 

Cesn 16 — \ man, aged ol came to the clinic on Mai 20, 1926 because of a 
mass in the right lower quadrant of the abdomen which he had found accidentalh 
two months prior to his admission It was enlarging and occasionalK he had a 
dull pam in the abdomen There had been no change in the regulanti of the 
raoiements in his bowels •kppendectoma had been performed elsewhere m 1916 

Examination repealed a rather firm, somewhat fixed mass in the right lower 
quadrant of the abdomen There had been no loss of weight The concentration 
of hemoglobin was 82 per cent, emthrocAtes numbered 4,850 000 and leukocj'tes, 
9400 m each cubic millimeter of blood The results of roentgenologic examina- 
tion of the colon after a barium enema were reported as negatne, the mass was 
extrinsic to the colon The patient was sent to the surgeon with a diagnosis of 
a tumor in the region ot the cecum Exploration retealed an inoperable carci- 
noma of the posterior wall of the ascending colon with extensile metastasis m 
the liter 

This case illustrates the extent to which malignant lesions of the 
colon ma} adtance before producing clinical signs and stmptoms In 
this case the roentgenogram ot the colon and the blood count w ere 
negatit e and there w as no loss ot w eight t et a hopelessly inoperable 
malignant lesion was found 

C\SE 17— A woman, aged 43 a teacher, came to the clinic on June IS, 1928 
with multiple complaints among them weakness At this time there were no 
ob]ecti\e s\'mptoms except that she weighed 4 pounds (IS K.g ) less than she 
said she had weighed a ^ear betore Prior to her coming to Che clinic she had 
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undergone appendectomj , hcinon Iioidectoinj and an o]>cralion for strangulated 
hernia 

The hcinoglobni was cstiiiiafcd at 45 per cent l)ic crifhrocjtes numbered 
2,840,000 and leukocjtes, 7,000 m each cubic niilliiiiLtcr of blood, there was some 
tenderness in the low'er part of tlic abdomen 

The patient was advised at the clinic to go home idopt general upbuilding 
measures which were prescribed and to return in two months for further obser- 
vation, wdiich she did The pam in the lower part of the abdomen had continued, 
although there had been improvement m the general condition She had not 
had diarrhea At this time roentgenologic cvammatioii of the colon disclosed a 
filling defect in the tip of the cecum which was thought to be due to a malignant 
condition E\ploration revealed an inflammatorj lesion of the ileocecal coil This 
was resected The pathologist reported a tuberculous condition There had been 
no evidence of tuberculosis elsewhere 

This case illustrates the difficulties encounteied in diagnosis of 
localized tubeicnlosis of the intestine 

Case 18 — A man, aged 55, came to the clinic pn June 20 1927, complaining 
of soreness in the right lower quadrant of the abdomen There had been a 
“catch” and soreness in the right low'cr quadrant, associated wath a dull ache, 
for from si\ to eight months prior to his admission It often came on from one 
and a half to three hours after meals and lasted for an hour or so, it was not 
relieved by the taking of food or sodium There was considerable borborjgmus 
for si\ months, although the regularity of the movements of the bow'els had not 
changed He vv'as told elsewhere that he had a tumor of the right kidnej 

In the right lower quadrant, examination revealed a movable mass, which 
seemed to be lobulated The concentration of hemoglobin vvaas 64 per cent, erj- 
throcytes numbered 4,360,000 and leukocytes, 11,400 in each cubic millimeter of 
blood Roentgenologic examination of the colon after a barium enema disclosed a 
filling defect of the cecum A diagnosis of a malignant lesion of the cecum was 
made, and exploration revealed a carcinoma of the cecum which the pathologist 
reported as adenocarcinoma 

The only sti iking featuie in this case was the size and mobility of 
the tumor without an}' paiticulai symptoms leferable to the bowels 

Case 19 — A man, aged 44, a carpenter, came to the clinic on Dec 12, 1927, 
with a story of having had three attacks of pain m the right lower portion of 
the abdomen, with vomiting in the last two years The last attack had occurred 
in January, at which time there had been pain, vomiting and fev’er An operation 
had been done elsewhere, at which time an appendical abscess had been drained 
The appendix had not been removed, and a fistula had persisted since the opera- 
tion It had been difficult to move the bowels since the time of the operation 
Examination revealed a somewhat undernourished man, who weighed 20 pounds 
(9 Kg) less than he said he had been accustomed to weigh There w'as a draining 
sinus in the right lower part of the abdomen, about which there was considerable 
induration Examination of the material which drained from the fistula did not 
reveal sulphur bodies or acid-fast bacilli The concentration of hemoglobin w'as 
estimated at 73 per cent , ervthrocytes numbered 4,760,000 and leukocytes, 8,200 
m each cubic millimeter of blood A diagnosis of appendical abscess was made, 
and exploration revealed colloid carcinoma and a fistula The pathologist’s report 
W’as colloid carcinoma with Ijmphatic involvement 
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1 Ik liKton ot itl (ck^ oi pun uul of flnumijc ot ^\]lat cceined to 
Ik an a]ip(.n(iic il ali^n'-^ to^Llliti with tlic aliKitcc ol specific infiam- 
nntor\ dKcaec '=ni:i^t‘-tul tlic di lejnoMs of appendical abscess with fistula 
The iiKua'-ini: clirficult\ in inminq; the bowels and the pcisistent sinus 
would ‘iiiue'e-t tin ad\ K ibilili of fnitliei iincstigation of the large 
inlc'-line 

Gro If' ' Marlca OhnUf'attoii in Jl Inch 'so-Calhd Fil'ic Cicioii Caii^LiI 
Diftculiu f tit till Ihffiitiilui! Dmm — C\''i 20 — \ nnn, aged 48, came to the 
clintc on Dec K> 1^2?', complaining oi ‘ttoniacli .and bowel trouble” of manj icar": 
duration Coii'inpition had been lifelong \pptndeclonn had been done m 1912 
without effect on the constipation Tor twent\-fi\e ^cars spells had occurred c\erj 
two or three uiontli'. itid had lasted from one to two hours in which pain in the 
epieastnuin had come on belore breakiast and again at 10 a m and at 3 and 
S p 111 These spells had been associated with plnsical and mental fatigue and 
depression \fter a spell there had been scicre muscular pains, especiallj lumbago, 
so scicre that he had had to go to bed These spells had been associated with 
bloating, obstipation, pressure pain in the epigastrium and some tenderness and 
fc\ er 

Results ot cNamination for organic disease were essenfiallj negatne The con- 
centration of hemoglobin was estimated at 73 per cent, erjthrocstes numbered 
4,540,000 and Icukocites 7,600 in each cubic millimeter of blood A note was 
made b\ the clinician of constipation, graded 4 Roentgenograms of the colon 
after a barium enema were negatne, but an e\ammation made to determine the 
presence or absence of gastro-intestinal stasis resealed a moderate amount of 
barium in the cecum and transserse colon fortj hours after its administration A 
diagnosis of intestinal stasis, with partial obstruction, was made Exploration 
resealed a large, prolapsed cecum, and ileocolostoms and subsequently right 
hemicolectoms sserc performed The patient has enjosed normal health since 
the operation 

CsSE 21 — \ married ssoman, aged 40, came to the clinic on Nos 10, 1927, 
complaining of enlarging abdomen and pain in the back She had undergone 
appendectoms in 1915, and perineorrhaphs in 1926 She had so-called influenza 
in Februar 3 , 1927 About Juls and August, the cramping of muscles and slow Is 
progressise increase in the size of the abdomen ssere noted Mosements of the 
boss els had been regular until about a month before admission Since then, there 
had been a fess spells of mild diarrhea 

Examination resealed a mosable mass m the right lower quadrant of the 
abdomen The tumor did not seem to be palpable on pels ic examination, and on the 
following das it could not be palpated in examination of the abdomen The blood 
count ssas ssithin normal limits Roentgenographic examination of the colon and 
thorax gase negatise results The possibilits of a mesenteric cjst or of a 
pedunculated osanan cjst ssas raised, and exploration ssas adsised This resealed 
a redundant, prolapsed cecum Ij mg loss in the pels is, and a modified Waugh 
operation was done 

CssE 22— A ssoman, aged 63, came to the clinic on Juls 1, 1926, complaining of 
increasing constipation, much gas, bloating and loss or weight 

Examination did not reseal gross abnormalities The patient weighed 15 
pounds (6 8 Kg) less than she said she customanis weighed The concentration 
of hemoglobin w as estimated as 72 per cent en throes tes numbered 4,370,000 and 
leukocstes, 9,800 Roentgenologic examination of the colon alter a barium enema 
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disclosed a filling defect of the cecum Roentgenograms of the thorax ga\e nega- 
tive results In the absence of other suggestive signs and sj'mptoms, the diagnosis 
could be earned no further than suspected lesion of the cecum Exploration 
revealed adhesions between the cecum and lateral abdominal wall, but no tumor 
to cause the filling defect There was also chronic cholecystitis with chronic 
cholelithiasis and a chronically inflamed appendix 

Cases 20, 21 and 22 belong tn a group in vvhicli diagnosis and treat- 
ment are particularly difficult An extensive lesection such as that 
employed m case 20 would be unsuitable in man} such cases because 
of surgical risk, and because it is most difficult to pick out just the 
right cases in which this procedure is helpful In case 20 the patient 
has remained entirely free from symptoms foi more than a year Pro- 
lapse of the cecum into the pehns has been frequently desciibed The 
fact that it sometimes causes a palpable tumefaction and even deformity, 
revealed by roentgenologic examination, indicates exploration as the best 
means of learning the method by which lelief can be giv'en Further- 
more, other conditions are found often enough to aggrav^ate or account 
for the symptoms Although undoubtedl} theie will be cases in which 
surgical measures will not be helpful, it seems best that opeiation be 
undertaken in most of them 

COMMENT 

In any difteiential diagnosis of tumors of the ileocecal legion, malig- 
nant disease must be given first consideration Carcinoma is the most 
common of the malignant conditions, lymphosarcoma occurs rather 
rarely Hyperplastic tuberculosis also has some significance Actino- 
mycosis IS rare The othei benign tumors, such as cholesteatoma, lipoma, 
leiomyoma, mucous c}st and hemorrhagic infarction are laie and yet 
must be considered in the differential diagnosis 

It IS gratifying to establish without exploration that the lesion is 
not malignant, but to be certain of this is difficult Renal enlaigement 
and retroperitoneal lesion should not be difficult to distinguish from 
ileocecal lesion The roentgenogram has in a large measuie done aw'ay 
with the former differential difficulty The greatei difficulty m diagnosis 
is that illustrated in the first ten cases of this series In such cases 
there are a palpable mass and positive roentgenologic data, and yet the 
appearance of the patient is not that of the usual one presenting a malig- 
nant lesion in this situation In these cases, the history offers the most 
important clue The usual absence of anemia and the patient’s general 
sense of well-being also offer impoitant differential suggestions Finally, 
the roentgenogram should be carefully studied to determine whether or 
not there is a filling defect typical of a malignant condition, this type of 
filling defect is rarely present in such cases 
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J hrcc iiui f'lR lull MU'- n^o Dt Cnrl (> HuniiLk diicctor ot the 
luiirth 'ur^ic il (Ini^Kui I'.iliiMK lorimil Uul ccrtnin principles 

Inr ihc enre <ii jiitiuii' wuli n.nt( inctiirc \t tint tune it was decided 
t<i n^L occii]) itn 111 il tlu r.ip\ iii prtKreiict t<i ini" nfe and jiln ‘■lotlierapi 
in the treilimiU <»i fi uttiu oi the joint < )n the ehildieiis “Jurgical 
'triiee Dr Jhirdick ind iiKountered ^i\ e.i't-' ot nno'itis ossificans in 
irietures nhnnt the elliow In all ot tliese casts massage had been used 
and this %\ is considered tile tliologic 1 iclor in jirodiiciiig the nijositis 
Theretore it was tlionedit tli it \it;orous massigt might produce the same 
cli.itiges III adults though to i ksser degree 

MIOsITIs OssIIICNNs 

The lollowing cases oi ni\o«itis ossificans occurred in the childrens 
surgical sen ice 

C\si 1 — \ chilli aged 10 rctencil a iracturc of the internal condile of the 
humerus on \ug 9 1920 and uas referred for baking and massage to oiercome 
the restriction in tlic motion ot tlie elbow Figure lA shows the bom changes m 
the muscle around the elbow This picture was taken four months after the 
mjuri \ftcr baking and massage were discontinued the condition improsed 
Figure 1 B shows most ot the callus absorbed the roentgenogram was taken 
seientecn months following the tnjurj, or thirteen months following figure lA 

CvsE 2 — ^ patient, aged 10, recened a fracture of the internal cond^le of the 
humerus on Juh 23 1920 and was guen baking and massage The original plates 
which showed the bonj changes m the muscles, could not be found, but figure 2 
which was taken one' and onc-hah sears following the accident showed bon 3 
changes m the muscle 

The other cases in this series showed similar conditions and for that reason 
are not presented 

USE or occur \TIO>AL THERAP\ IX FRACTURE 

During the past three and one-halt 3 ears 843 fractures hate occurred 
in the fourth surgical dmsion, of this number, 612 ha\e been reterred 
to the occupational therapa department For the past six months, 68 
cases have been refeired for occupational therap} including 19 cases 

* Submitted for publication Sept 10 1929 

'' Read before the A.merican Occupaiional Therapi Association, Atlantic Cita 

1 Tune 18 1929 



Fig 1 — A, roentgenogram taken lour niontlis after injury showing bony 
changes in muscle around elbow following baking and massage, B, roentgenogram 
taken se\enteen months following injury showing most of the callus absorbed 


Fig 2 — Roentgenogram taken one and one-half jears following accident still 
showing some bony changes in muscle around elbow 




Fig 3 — A comminuted fracture of the lower end of the radius before reduction , 
B, same fracture after reduction 
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Fig- ^ 

of jjjg ^ pititnt doing block printing to increase flexion and extension 

the hand Pntient using a Inmmer to increase the grasping poner of 


ment ^ Jtlerntt, director of the occupational tlierapa depart- 

for^tl tie Hospital, is responsible for the outline of treatment 

tndividual cases, and for the general supervision of the work 
s are removed and occupational therapy is started earl} in all tapes 
ti general rule, in ten days for Colles’ fracture or for 
or f ^^otit the at rist and in tw o or tliree w eeks for Pott s fracture 
t'actures about the ankle The treatment for other tapes of 
'tres depends on the indnidual case These patients report for 
per three times a w eek during each a isit tliey receia e three aa ork 

^^ternating aaith rest periods The aaork periods aara from 
to ten minutes or until the patients become fatigued Thea are 
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Fig 5 — A, exercise done at home to increase the motion of the fingers, 
B, exercise clone at home to flex and extend tlic wrist 



Fig 6 — A patient who could not be interested in block printing is obtaining 
flexion and extension with an elastic band 
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then gnen a lest pciiocl of five minutes, followed by a second t\oik 
peuod This again is tollowcd b}' a lest period of five minutes, and 
finall} a thud voik penod The work peiiods aie giadually increased 
and the lest periods diminished as the patients progress during the 
couise ot lieatment 

Fiacfioes About the U’list — Fiactuies about the wrist constitute 
the highest peicentage of the cases seen Figuie 3 A shows a com- 
minuted fiactuie of the lower end of the ladius before i eduction, 
figuie 3B w'as taken aftei reduction This lepresents a difficult case 
To get a good functional icsult in this t)pe of fracture, motion should 
be staited w'lthin fouiteen da\s When fiist refeiied for treatment, 
the patient is gnen block printing to do, as illustiated in figure 4 A 



Fig 9 — ricMon and extension of the forearm 


ami B fins lmpro^es the giasping powei of the hand, and mci eases 
flexion and extension of the wmist A tack haminei is used at the 
beginning and the weight of the hammei is inci eased until the patient 
can use a 10 ounce hammei In addition, the patients aie given exei- 
cises to do at home as illustiated m figuie 5A and B In figure 5A the 
patient holds the fingeis and thumb extended and touches each fingei 
to the thumb ten times, night and moinmg This number is increased 
until the exercise is done tw'enty times Figuie 5B show^s the hands 
clasped together , the w^rist is flexed and extended ten times, night and 
moinmg, and this is giadually mci eased to twent} times Some patients 
cannot be interested in block punting Figure 6 demonstrates a patient 
using ail elastic band to obtain flexion and extension of the wrist 

Fiacfuics About the Elbow — In these cases eatly motion is essential, 
and damage can be done In ugoious massage, as ivas illustrated in 



( 



0* tilt ffiri iriii 



of the fotearm 

ihent obtaining extension of the elbo\^ supinatton of the 

^ figure 8S he is obtaining flexion ot the e o ^ Option and extension 
I'rearm, Mhile m figure 9 the patient is obtaining iQA 

O’" patients v.ho cannot be interested m this tip ^ ^j^jerent method 
‘Mstrates hou flexion of forearm is achieie 
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Figure lOB illustrates extension of the forearm, while figure 11 illus- 
trates the exercise which is done ten times night and morning at home 
in cases of fractuie of the elbow, it is gradually increased to twenty 
times 

F?achi}es About tJ/e Shotddei — This type of fracture is frequently 
seen in elderly people Figure 12 shows a fracture of the surgical neck 
of the humerus It is important to obtain abduction of the arm from 
the body and extension above the head Figure 13 shows the patient 
accomplishing both during treatment 




Figure 16 Figure 17 

Fig 16 — A patient using the treadle sau' to improre the motion of the ankle 
Fig 17 — Articles completed by a patient during a six weeks’ period of 
treatment 


Fiactuics About the Ankle — Next to injtines pf the wrist fractures 
about the ankle are seen most frequently Figure lAA is an antero- 
posterioi view of a fracture of the lower end of the tibia and fibula 
Figure 145 is a lateral \iew of the same fracture, while figure 15^ is an 
anteroposterior view after reduction, and figure 15B a lateral view 
after reduction It is important to obtain early motion in this type of 
case Figure 16 demonstrates a patient sawing wood on a treadle saw, 
the foot piece of which is similar to that of a sewing machine First, 
the patient is given soft white wood one fourth of an inch thick, he 
makes a small object, such as a shade pull The thickness of the wood 




Fig 


Fig 

joint 






///\7,,\__n(. ( .' / !ii,i\u i’nhir\ i\ ikilurl t'M 

I*- t,'r i(iinll\ nun nni i-- tiu jntunt innilitiDii impnnt' the size oi 
ilu oliKtl ‘•iwid n iNn nun nid Durint: tl't- rc-t [lenori the patient 
-indpajuis tIu wood tlu aiticlt loirttlur and rnnll\ paints it 

] iq^iire 17 rtim-tiits llii irtuk'- nude I)\ i patient witli a fracture 
aiiont the aiikk duiiii" i '•i\ weeks period ot treatment These articles 
Were cntiieix eonipkted ]>\ tile patient Hie once at the top of the 
picture ire ^iiiall ind ire made ol thin wood while tlio-e at tlie bottom 
are lartjer and oi heietei wood 



Fig 22 — Central fracture of the acetabulum 


Fiactuies About the Knee — It is important for patients with this 
injur} to be able to obtain 90 degrees of flexion Figure IS.d sho.ts 
a fracture of the patella Figure 18F shows the same tracture after 
an open operation had been performed, and the hgamentum patellae 
and capsule had been sutured with fasaa lata Figure 19 shows a 
fracture imohing the external tuberosit} of the tibia and extending 
into the knee joint Figure 20 shows the patient working on a macliine 
with a yardstick attached for the purpose of measuring the increase in 
flexion and extension Figure 21 shows a patient who could not be 
interested in am machine work and who obtained flexion b\ means oi 
an elastic 




Fig 23 — Tlie fracture shown in figure 22, after a Steinman pin had been 
inserted through the greater trochanter, the roentgenogram was taken twelve 
hours after the insertion of the pin 
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/ iiultiu V Ihflul tih Htp — FracUirci? about the Iiip arc represented 
In lra(.turc'' oi the netk of the femur and by fractures meohing the 
accnbulum ot tlic pclM'^ Ficiurc 22 shons a central fracture of the 
acctabuUuu Figure 23 sliows the same fracture after reduction has 
been accomph^hed 1)\ means ot a Stemman pm inserted through the 
greater troelnnter Figure 24 / shows the patient obtaining flexion of 
the knee and hip while figure 24/? shows extension ot the leg Figure 
25 illustrates the method ot obtaining abduction ot the thigh In all 
tepcs ot fracture exercise was prescribed for night and morning at 
home 



Fig 25 — A.bduction of the leg 


jMiss A'leritt had occasion to observ e patients w ith fractures, referred 
from other surgical divisions in the hospital, on whom occupational 
therap 3 and massage w'ere employed, but these patients did not progress 
so satisfactoril} as those on whom occupational therape alone was used 
It IS essential to have trained instructors to supen ise the w ork One 
instructor can treat tw enti patients in half a dai 

All patients with fractures of the joint m the fourth surgical dmsion 
are referred for treatment to the occupational therape department, in 
preference to the department tor ph\ siotherapi 

125 East See enti -Second Street 




CORRELATIONS OF INTERNAL AND EXIERNAL 
PANCREATIC SECRETION 

i\ crrccT or IsoLATIo^^ oi tail or pancreas on c\rboh\dr\te 

ArETABOLISAI 

GEZA DE 7 ARMS, MD 
rR-^NCES HANNETT, BA 
DOROTHY HENDERSON, BA 

AND 

IRA T SEITZ, MS 

ClIItACO 

In previous communications, one of us (G cle T lepoited studies 
of the histology of the tail of the pancieas aftei it had been e\cluded 
fiom the rest of the gland and its e-s-teinal secietion had stopped The 
splenic poition of the pancieas was isolated in twent)-Bve dogs, and 
specimens were taken fiom two days to one year at inteivals Aftei 
d short penod of edema, a gradual increase m connective tissue occuiied, 
first aiound and then within the lobules, lesulting in a pancieatic ciiiho- 
sis The ducts were first dilated, then showed piohfeiation and infold- 
ing of their epithelium A numbei of minute ducts appeared The 
islands showed edema for the fii st two weeks, latei laige solid cell 
complexes appealed showing the vasculai aiiangement and staining 
piopeities of islet tissue Such an isolated tail did not tend to degen- 
erate and undergo absoiption for at least thiee months if a fiee tians- 
plant was made into the omentum 

Fill thei more, one of us and Nathanson,- in studying the diastase 
content in the blood following ligation of the tail, found that the high 
diastase i allies retuined to noimal in two weeks In latei expeiiments, 
it was found that even aftei aitificial stimulation the diastase would not 
use above the noiinal limits aftei thiee weeks ^ 

* Submitted for publication, Nov 7, 1929 

*From the Departments of Surgery and Physiology, Nortlnvestern Uiinersity 
Itledical School, with the aid of an Elizabeth J Ward Fellowship in Surgery 

1 De Takats, G Correlations of Internal and External Pancreatic Secretion 

I General Considerations and Review of the Literature, Arch Surg 19 771 (No\ ) 
1929 11 The Histologic Changes in the Isolated Tail of the Pancreas, ibid 

19 775 (Noy ) 1929 

2 De Takats, G , and Nathanson, I T Correlations of Infernal and External 
Pancreatic Secretion III The Effect of I igation of the Tail of the Pancreas on 
Diastase in the Blood, Arch Surg 19 788 (Noy ) 1929 

3 De Takats, G, and Nathanson, I T Unpublished data 
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1 inis wi In\e cMckiico ol a pcr-^j^tciicc and c^en a Inperplasia ot 
lIiL I'-Ict ti'-^uc with histologic and chemical CMdencc that the external 
secretion Ins siihsKied Irom the isolated tail of the pancreas The tail 
(•I the ghnd wrapped up m omentum to ensure better tascularnation 
ind possilih counteract a jirngrcssing sclerosis has heen turned into a 
ductless ghnd 

1 he' iniiposc in this papei w is to tn to demonstrate the function of 
this sepaiatcd tail 1 he Iwpeitropln and numerical increase of islets 
It thee aic lunctiuiimg might niamtest themsehes in an increased 
iiisuhn output irom the ghnd Selection ot a siutahle method for dem- 
onstriting in increase in insulin seemed desirable 

sn ncTiox or method 

Direct cMdence ot an increased output ot insulin would be the 
determination of insulin m the blood and tissues of experimental animals 
before and after such operations Howeaer, this laborator) has not 
been successful up to the present time in determining insulin in the 
blood of normal animal or man either wath the Doisy-Somogyi and 
Shafer or with the Dickens and Dodds or the Moloney -Findlay method •* 
Another possibility, namely, the demonstration of increased dextrose- 
fixation Ol the red cell, as suggested by Loewa and Hausler,® was con- 
sidered but abandoned as the reaction did not seem specific and could 
not be rehabh reproduced later by the originator of the method ® 

We had to content ourselves then wath a search for indirect evidence, 
namely, through the action of insulin on carbohydrate metabolism 
Mansfeld,' w^ho was first to suggest an increase in sugar tolerance fol- 
lowing ligation of the tail, used an oral sugar tolerance test to demon- 
strate a better utilization of carbohydrates He emphasized the 
appearance of a starvation hypoglycemia after forty-eight hours of 
fasting, which was not present in the normal animal He also reported 
a lowering of the blood sugar during fasting following ligation of the 
tail 

4 Iv\, A C Personal communication to the authors 

5 Loewi, O , and Hausler, H Ueber hormonale Vorgange nach Glukose- 
zufuhr, Arch f exper Path u Pharmakol 123 88, 1927 

6 Loewi, O Insulin und Ghkemin, Klin Wchnschr 8 391 (Feb 26) 1929 

7 Mansfeld, G Versuche zu emer chirurgischen BehandJung des Diabetes, 
Khn Wchnschr 3 2378, 1924, Versuche zu einer operatiten Behandlung des 
Diabetes, ibid 6 105, 1927 Mansfeld, G , and Szirtes, L Ueber die Beziehungen 
zwischen ausserer und innerer Secretion der Drusen, Arch f exper Path u 
Pharmakol 130 1, 1928 Mansfeld, G, and Schmidt, F Versuche zu emer 
chirurgischen Behandlung des Diabetes, Khn Wchnschr / 1457 (Jub 29) 1928 



868 


ARCHIVES OP SURGERY 


Alpein and Leites,® Nalhei, Pnesel and Wagner,® Joins and 
Alpein and Besuglow ” confiimed the obseivation of increased sugai 
toleiance following ligation of the tail Nalhei, Pnesel and Wagnei 
in then second aiticlej- Wohlgemuth and Seo,^® Galehr and Laclurnei 
<ind Unteirichtei could not confirm Mansfeld’s results 

Jorns in a most compi ehensive woik on this subject, analyzed the 
diffeiences in the animals used foi expeiimentation and the discrepancies 
of suigical technic that mav haAC influenced the lesiilts 

Alpein and Besuglow ” noted changes in fat tolerance aftei the 
lij’cition of the tail, and noted an increase in the weight of the dogs 
opeiated on Furtheiinoi e, a change in the potassium-calcium latio 
and an inciease m alkali leseive weie noted Tins would indicate a 
diminution in sympathetic tonus exactly the opposite of what Wohlge- 
muth found 

Realizing that none of these methods would offer a direct proof of 
increased insulin output, and that none of them rvould consider the 
compensator}'' attempts of the noimal animal, even if such increased 
secretion were present, we selected methods that would give at least 
indirect evidence that a change in carbohydiate utilization had taken 
place 

FACTORS THAT INFLUENCE SUGAR TOLERANCE 

A sugar tolerance curve is the result of seveial factors, which must 
be considered biiefly 

8 Alpern, D , and Leites, S Ueber den Einfluss der Unterbindung des 
Ductus pancreaticus auf den Blutzucker, Klin Wchnschr 4 1551, 1925 

9 Nather, K , Pnesel, R , and Wagner, R Die Beeinflussung des Blut- 
zuckerspiegels durch Unterbindung der Ausfuhrungsgaenge der Bauchspeichel- 
druse beim Hund, Klin Wchnschr 5 932, 1926 

10 Jorns, G Ueber des Verhalten der endokrinen Pankreasfunktion nach 
Unterbindung der Ausfuhrungsgaenge, Khn Wchnschr 5 2434, 1926, Die 
Sklerose des Pankreas nach Unterbindung des Ausfuhrungsgaenges und die Trans- 
plantation des sklerotischen Gewebes, Beitr z khn Chir 139 325, 1927 

11 Alpern, D E, and Besuglow, W P Beobachtungen ueber die Hyper- 
funktion des Inselapparates der Bauchspeicheldruse, Khn Wchnschr 7 586 
(March 25) 1928 

12 Nather, K , Pnesel, R, and Wagner, R Die Beeinflussung des Blut- 
zuckerspiegels durch Unterbindung der Ausfuhrungsgaenge der Bauchspeichel- 
druse beim Hand, Khn Wchnschr 6 2089, 1927 

13 Wohlgemuth, Julius , and Sco, T Ueber experimentalle Erzeugung von 
chronischer Sympathicotonie beim Kaninchen, Ztschr 164 271, 1925 

14 Galehr, O , Ladurner, P , and Unternchter, L Des Verhalten der Bliif- 
/iickerwerte nach Pankreasunterbindung, Pfluger’s Arch f d ges Physiol 218 
477, 1928 

15 Jorns, G Experimcntelle und khmsche Beitrage zur Pathologic der 
Langerhansseben Insein des Pankreas, Eeitr z khn Chir 146 1, 1929 
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Sttc of Adtunusti atioii — The subcutaneous route was painful when 
h 3 pertonic concentrations were used It concentrations of 5 and 10 
per cent were used, the pressure of the great fluid -volume made the 
animal restless and possibh excited Thus another undesirable factor 
was intioduced The mtraperitoneal administration of from 2 5 to 3 
Gm of dextrose per kilogram of bod\ weight was given serious trial The 
absorption of dextrose is unifomi and rapid It mav be influenced, 
however bv operative procedures which damage the intact peritoneal 
surface It also dehv drates the animal and thus mav influence the blood 
sugar readings Two of us (G de T and I J Seitz used this form 
of administration for more than a vear It was finallv discontinued 
Oral administration seems desirable, being the most phvsiologic entrv 
of the dextrose into the bodv The necessitv of using the same con- 
centration of dextrose for comparative curves is important In the 
greater part of our experiments we used small repeated doses of sugar, 
the exact technic of vv'hich will be described later Finallv, the intra- 
venous administration of dextrose, with the help of a Woodvatt pump 
was also used in our later experiments As Wood}att, Sansum and 
Wilder pointed out, tolerance is more of a question of v'elocitv*, not 
so much of vv eight The pump enabled us to administer accurate quan- 
tities of dextrose per hour It also eliminated the v^anations of absorp- 
tion from the site of administration 

The Amount of Dexfiose Ingested — It was telt that for our work 
undertaken to demonstrate a possible increase of insulin output of the 
gland, smaller amounts should be used than is customarj in sugar toler- 
ance tests Smaller amounts of dextrose cause a smaller increase in 
blood sugar and a change in tlie .nsulin output might be more easilv 
detected It was furthermore felt that a repeated dose of dextrose as 
suggested bv Traugott^® Staub and Lennox,®® would demonstrate the 
presence or increase of adequate insulin response much better than a 
single dose Thus the amount of available insulin would be apparent 
not onl} bv the height of the curve bv the rapiditv of returning to the 

16 De Takats Geza, and Seitz Ira J Unpublished data 

17 3\ood\att, R T , Sansum, D and ilder, R M Prolonged and 
\ccurateh Timed Intravenous Injections of Sugar J A M •\ 45 2067 (Dec II) 
1915 

18 Traiigott K Ueber das Verbalten des Blutzuckerspiegels bei vviedcr- 
liolter und v erschiedener \rt enteraler Zuckerzufuhr und des<;en Bedeutung fiir 
die Leberfunktion Kim chnschr 1 SS2 1922 

19 Staub H Ueber das Verbalten des Blutzuckers nach Verabfolgung 
kleiner Glucoscmengen, Ztsclir f klm Med 91 44, 1921 

20 Lennox W Stimulation ot the Sugar Regulating "\Iechmi<;m as Shown 
In Duplicate Blood Sugar Curves J Biol Cliem 73 237 (March) 1927 
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normal level and by the posth 3 ^pcJglyceintc hypoglycemia, but also by 
the flattening out of the second cuivc, as can also be observed in normal 
subjects 

Nooiden found that m light cases of diabetes, the first curve may 
show a normal return and that only the second curve reveals a typical 
diabetic abnormality We have legularly been able to see the flattening 
out of the second cuive in normal dogs, and feel that such a double 
sugar curve may give more information as to the response of the pan- 
creas to hyperglycemia So fai as we could gather from the literature, 
Hamman and Hirschmann weie the first to use duplicate curves in 
man, long before the insulin era 

Time of Fasting and Chaiactei of Pievious Diet — It has been 
lepeatedly stated since Bang’s initial observation," that previous undei- 
nouiishment oi starvation will piovoke an alimentary hypergtyceinia , 
conversely, a curve taken a few houis after a meal is usually abnormally 
flat In comparing curves, then, it must be postulated that the tolerance 
tests are run aftei the same period of fasting Accoiding to Staub,^® 
patients fed on a diet containing protein and fat showed definitely highei 
cuives than patients on a diet containing carbohydrate Experimental 
animals then must be kept on an identical diet during the entire experi- 
ment 

Effect of Feai and Struggling — One of the most important souices 
of error may be to compare subsequent tolerance cuives in the animal 
and not consider the emotional effect of the stomach tube on the sugar 
curve We show a fairly typical chart of three preoperative curves in 
the dog under identical conditions We are convinced that the first 
alimentary hypeiglycemia test is invariably too high, and that dogs 
should be trained to be in a relaxed, basal condition before tests of 
sugar tolerance are undertaken The effect of the sympathetic nervous 
system on blood sugai is too well known to omit such a precaution It 
can be readily seen that if in the case of dog 2 (chart 1) any therapeutic 
piocedure had been carried out after the fiist cuive, it would have led 
to the assumption that a great inciease in tolciance took place The 
gentle handling of the unf lightened animal is equally important in the 
intravenous sugar tolerance tests We have i ejected several of these 
as the initial blood sugar was found to be too high Cannon s students, 
who showed glycosuria aftei examination,-® offer a striking example of 
emotional glycosuria 

21 Hamman, Louis , and Hirschmann, J J Effects upon the Blood Sug ir 
of Repeated Ingestion of Dextrose, Bull Johns Hopkins Hosp 30 306, 1919 

22 Bang, J Der Blutzucker, Wiesbaden, 1913 

23 Cannon, W B Bodily Changes m Pam, Hunger, Fear and Rage, New 
York, D Appleton & Company, 1918, p 75 
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Chart 1 Effect ol emotion feeding vnd bVareation on oral sugar tolerance 

curies Tno grams of destrose in 20 per cent solution was gnen be stomach tube 
tnice, at one hour mtereals 1 stands for the emotional curie (dog struggled 
and Mas frightened) , 2, dog was fed tno hours preiious to test, 3, dog nas fed 
tort! -too hours prenous to test, 4 and 5 dogs Mere fed eighteen hours prenousli 
The tMO latter are regarded as correct preoperatiie cunes 


tions Mere made before a satistactorj curie could be obtained The isolation of 
the tail of the pancreas nas then undertaken as described m a preiious com- 
munication * In this series the electric cauteri Mas used and the tad nas 
M rapped up m omentum We lost one dog under anesthesia but none following 
the operation 

After the annml recoiered satisfactorili tolerance cunes were determined 
once a month In some dogs curies were obtained at closer intenals In this 
series Me haie hie dogs operated on for si\ months or longer From a preiious 
senes ten dogs were earned 01 er eighteen months but as thei were diiefli used 
for histologic studies, iie felt that the repeated pancreatic excisions and omental 
transphiits would interfere with the sugar tolerance cunes Thei were not used 
In two dogs of this senes epmephruic hipcrgli cemia cunes haie been determined 


24 De Tnkats (footnote 1 second reference) 
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befoic and aflci the optiatioii After i simple of \cnoiis blood Ins been t iktn, 
10 cc of a 1 10,000 solution of epincplirinc lias been injected intn\cnoush 
Samples of blood were taken at lialf liour intcr\als up to two iiours 

Furthermore, m tlic same five dogs mtra\enous sug.ir tolerance tests ln\e 
been performed with the ^Vood^att pump Unfortunateh , dctcrmuntions were 
not made before the operation, so that as a bisis of normal tolerance the 
numerous determinations m ide hi Woodjatt, 5 insum and Wilder,' Fcisher and 
Woodyatt'^ and Jordan w'crc utihiicd From Wood^ itt's original work it would 
seem that 0 9 Gin of dextrose per kilogram of bod\ weight per hour is the 
maximal amount of sugar that can be injected w'lthout producing gljcosuria 
From the w'ork of Woodjatt and Felsher elaborated b^ Jordan, it seems that bj 
prolonging the intra\enous administration of dextrose to several hours, more and 
more dextrose could be utihred We hi\c simplj used 1, 1 5 and 2 Gm of 
dextrose per hour per kilogram of bodj w'cight to determine whether an increase 
of tolerance to this tjpe of dextrose idmmistration has taken place Dextrose 
was injected in 5 and 10 pei cent solutions, and urine was collected before and 
after the injection at a timed late The sugar, if present, was determined quan- 
titativelj by the Benedict method Occasionalh, blood sugar determinations were 



Chart 2 — Double sugar toleiancc curv'cs obtained on dog 1, a white male, 
weighing 21 pounds (9 5 Ixg ) Tw'o doses of 10 Gm of dextrose in 20 per cent 
solution were given by stomach tube at one hour intervals The dog maintained 
his weight and was in good condition throughout the entire experiment 


made during the experiment Finallj', dogs wcie starved for two days after the 
blood sugar during fasting was taken, and a simple of blood was analyzed every 
morning According to Mansfeld, this “Kaienzlnpogh cemie” w^as tvpical of the 
dogs operated on by his method 

KESULTS 

Double Sngai Toleiance Ctn'vcs — Chait 2 illustiates the lesults 
obtained in dog 1 Following two collect pieopeiative cuives, the post- 
operative cuives show a inaiked fall in the blood siigai values during 
fasting togethei with a depiession of the maximum use following the 

25 Felsher, Hannah, V , and Woodj^att, R T Studies on the Theorj of 
Diabetes Sugar Injection Curves in Dogs Under Intravenous Injection of Glucose 
Vt Low'cr Rates, J Biol Chem 60 737, 1924 

26 Jordan, E M Effect of Injected Glucose on Tolenncc, Am J Phjsiol 
80 441 (April) 1927 



DE IIKUS LI IL—PI\CRLIIIC SCCRLI I0\ 


S75 


ingestion ol sugar The lo^\est blood sugar during lasting was obtained 
one hundred and six da\ s follow ing operation nameh , 48 7 mg per 
hundred cubic centimeters ot blood Tlie aierage maximal rise m 
blood sugai was 73 pei cent betore the operation, the smallest post- 
operatne nse was obtained on the sixb-tourth da\ nameh, 18 75 per 
cent On the se\ ente -eighth dae the ingestion of 10 Gm of dextrose 
resulted in an initial Inpoghcemia, tollowed b\ a use m blood sugar 
From here on the curees become steeper and less regular on the one 
hundred and sixth and one hundred and eighteenth dai s w hile the last 
two cunes show a normal appearance E\en the last two cunes as 
all others show a lower initial and maximal lalue in blood susar than 
the preoperatn e cur\ es The maximal rise in blood sugar is 24 5 and 
21 5 per cent in the last two curves Also the posthv pergK ceniic Inpo- 
ghceima is marked as -values of 666 and 57 1 mg per hundred cubic 



Chart 3 — Double sugar tolerance curves obtained on dog 2, a bnndle male, 
weighing 22 pounds (10 Kg ) Ten grams oi dextrose in 20 per cent solution was 
given at one hour intervals Xote the marked hvpoglvcemia tollowing the double 
dose of dextrose before the operation The high value m the first postoperative 
curve IS open to question 

centimeters ot blood were obtained on the one hundred and sixtv -first 
and one hundred and eight} -sev enth postoperahv e dav Throughout tlie 
whole period the dog maintained his initial weight ot 21 pounds (9 Kg ) 
Chart 3 illustrates the results obtained in dog 2 Following two 
pieoperative curves which indicate a marked fall in blood sugar atter 
a double dose of dextrose, four postoperative curves are available The 
curve on the tw entv -eighth dav shows a sudden rise to 166 6 mg per 
hundred cubic centimeters ot blood which reading mav be questioned 
Subsequent curves show a gradual decline in the values during tasting 
and the peaks The lowest value during tasting ot 59 3 mg per hundred 
cubic centimeters was obtained on die one hundred and diirtv -sixth dav 
1 he average percental rise in blood «tigar wa^ 15 ^ betore the opera- 
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tion , the smallest use aftei the opetatJon was fiom 59 3 to 71 5 mg, 
a rise of 20 6 pei cent The dog weighed the same dining the entiie 
expel iment, except foi a tempoiau loss of 3 pounds (14 Kg) fol- 
lowing the opeiation 

Chait 4 illustiates the lesults obtained m dog 3, a black and white 
male, wfeighmg 25 pounds (113 Kg) 3 he fiist pieopciative cuive 
was taken aftei foiti-two houis of fasting thus explaining the unusual 
use following the administiation of 10 Gm of dextrose The second 
ciuve IS quite flat The lowest value dining fasting was i cached on the 
thiitj^-fifth postopeiative day, namelj, 51 2 mg pei hundred cubic centi- 
meteis of blood Subsequent curves do not show maiked changes from 
the initial toleiance, although theie is an instability of tbe sugar regu- 
lating mechanism on the one hunch ed and twent) -fomth day The dog 
was in good shape and maintained his weight thiough the entiie 
expel iment 
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Chart 4 — Double sugar tolerance curves of dog 3, a black and white male, 
weighing 25 pounds (113 Kg ) Note the differences between the first and second 
preoperative curves, owing to different fasting periods before the feeding of 
dextrose Ten grams of 20 per cent dextrose solution was given by stomach 
tube at one hour intervals The dog looked sick ind had running nose and eyes 
on the hundred ind twent) -fourth day 


Chart 5 illustiates double sugai toleiance cuives obtained on dog 4 
a white male, weighing 30 pounds (13 6 Kg ) One-half giam of dex- 
tiose pel pound of body weight was given m 20 pei cent solution at 
zero and one hour N remarkable curve was obtained on the twenty- 
seventh day, when the sugar level of 80 mg per hundred cubic centi- 
meters of blood fell to 57 1 mg as a posthyperglycemic reaction Tbe 
curve on the nmet} -seventh dat shows a definite diminution of tolerance 
and show's a chaiactei istic diabetic curve The dog was in good condi- 
tion and showed no ghcosuna Theie was a loss in weight in the fiist 
few' weeks but the dog regained his weight on the usual diet 

Chart 6 illustrates double sugar toleiance curves for dog 5, a male 
black bull dog weighing 26 pounds (11 8 Kg ) One gram of dextrose 
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per pownl oV hotU weight was rpNur in two doses at an hovir s mterial 
1 lie lowest lei el dunnit; taslni" and the lowest peak was obtained on the 
thirtieth dai On the scienti -ninth dai the curie still did not reach 
the preoperatue lei cl and the secondari rise was dclaied as compared 
to the preoperatue eiiries The dotr was m "ood condition and did not 
lose weittht diirnij^ the cxpuiinent 

Epnn l^li! iiu Citn'c \ — Ten cubic centimeters ot a 1 10 000 solution 
ot epinephrine was slowli injected intraienousli hetore md twice alter 



Chart 5 — Double sugar tolerance curies obtained on dog 4 a white inale 
weighing 30 pounds (136 Kg ) One gram ot dextrose per pound of bodj weight 
was administered in 20 per cent solution m two doses at one hour interials Note 
the marked increase and decrease in tolerance on the tw enti -se\ enth and nineti- 
seienth dais 



Chart 6 — Double sugar tolerance curies obtained on dog 5 a black male bull 
dog, weighing 26 pounds (118 Kg) One gram of dextrose per pound oi bod\ 
weight was guen in 20 per cent solution in two doses at one hour intervals Note 
the gradual return Co the original level although the last curve on the scveiitv- 
ninth dav does not reach the original level 


the opeiation into two dogs The curve ot dog 2 showed a slight rise 
tollowed bv a marked tall one and one-halt hours after injection 
I'w entv -eight davs atter the operation a peculiar inversion of the curve 
ocetirred with a hvpoglvcemic value ot 52 6 mg per hundred cubic 
centimeters ot blood one hour alter the injection lollowed bv a sharp 
rise to 117*^ nig One hundred and tlnrtv-fivc davs '>ittr the ojieration 
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the epinephimc cune was similai to the fiist one, with the evception ot 
slightly lowei values Dog 3 showed a shaipei use in blood sugat than 
dog 2, and the cuive did not diop under the initial level Foit)-se\en 
da)^s aftei the opeiation, a inaiked imbalance in caibohydrate legulation 
was brought about by the injection of epinephnne The blood sugai 
fell and lose twuce within tw'o horns following the injection Dining 
the same peiiod the dextiose toleiance cuives of this dog showed low 
values dunng fasting and slight rises One hundred and sixtj-thiee 
days after the opeiation, the epinephnne curve show'ed the usual foim, 
except foi a higher level, than the pieopeiative cuivc One cannot be 
suie that this dog had not fasted too long befoie the fiist epinephnne 
curve was made, w'hich would explain the low^ level of blood sugai 
duiing fasting 571 mg pei bundled cubic centimeteis (chart 7) 



Chart 7 — Epinephnne hyperghceinia on dogs 2 and 3, before and twice aftei 
the operation Ten cubic centimeters of 1 10,000 solution of epinephnne was 
injected into the dogs, after eighteen hours of fasting Samples of blood were 
taken before, one half, one and two hours after injection la indicates the curve 
taken before operation, 2 a, twenty-eight days after operation, 3 a, one hundied 
and thirtj-fi\e da\s after operation, lb, before operation, 2b, forty-seven davs 
aftei operation , 3 b, one hundred and sixty-three daj s after operation Note the 
iinersion of curves in both dogs, i\hich return to normal in the second postopen- 
tne cur^e 

Iiifi avciwits Sugai Tolciance Citives zmth Tuned Rates — The 
Woodyatt pump w^as used One, 1 5 and 2 Gm of dextiose in 5 pei 
cent solution were injected per kilogiam of body weight for one Iiour 
The urine was tested for sugar before the experiment and in the fiist 
twenti-four hour specimen following the injection A few’ blood sugar 
determinations were also made 
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Ihe tolcr-wcL ot cl(i<r^ tollownig this Upc ot administration was as 
1 ollow s 

T Mil 1 1 — Infra iJioiii ^luiar loLiaiUt Cur'ts on Dogs, ic tli Sc{-arafwn of the 
Tat! of the Paiuuo^ Pre pir Cent Di rtrosc Solution 'eas Gneit 
at a Timed Rate'^ 
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•The upper limit of tolerance in tlie normal <toK uis O” Gm of deMrose per hilosram 
per hour (Woodaatt Sansum and Wilder) 

Dog 1, on tlic hundred and nmeU -third postoperatne daa, recened 2 Gm of 
dextrose per kilogram per hour which did not cause ghcosuria. 

Dog 2, on the hundred and torn -fifth postoperatne daa, receiaed 15 Gm 
01 dextrose which caused no glacosuria, 2 Gm of dextrose produced 0 3 per cent 
01 sugar in the twenta-four hour specimen 

Dog 3, on the one hundred and thirtieth postoperatne daa, showed no glacosuna 
with 1 and 1 5 Gm of dextrose per kilogram per hour Two grams of dextrose 
produced a gla cosuria ot 0 7 per cent 

Dog 4 on the hundred and fitteenth postoperatne daa, showed a glacosuna oi 
1 2 per cent tollowiug the intraaenous injection ot 1 Gm of dextrose per kilogram 
per hour 

Dog 5, on the hundred and sixta -fifth postoperatne daa, shoaaed no glacosuna 
with 1 and 1 5 Gm of dextrose Two grams produced a glacosuna of 1 i per cent 

Xo preopeiatne determinations with tins tape ot tolerance avere 
made The highest amount ot dextrose that at ould not cause gl) cosuna 
111 the normal dog was taken ts 1 Gm per kilogram of bodt weight per 
hour, which is abote the talues gnen following nmnerous determina- 
tions of Woodtatt Sansum and Wilder,” W'oodaatt and Felsher^" and 
Jordan 

Blood Sugai Dctci imnatwns on Fasting Dogs — Atter eighteen 
hours of fasting a blood sugar determination was made, tollowed b\ 
two more deteniiinations twent\-tour and tort} -eight hours later during 
which time the dogs did not receite am thing but water Table 2 illus- 
trates our obsert ations The blood sugar let el does not remain constant 
eten in the normal dog, but mat drop and rise wathin a limit ot 20 mg 
per hundred cubic centimeters of blood Xunierous and careful deter- 
minations of Schwartz and Kemp ” hate giten the same results In all 

27 Schwartz Karl and Kemp, Herwig Leber den normalen Blutzucker- 
trchalt beim Hunde und =cinc pin Mologi'^chc Schwankamctn Biochem Zt^cln 
194 351 (Feb 71 1028 



878 


IRCini LS ()l SliRGLR] 


dogs theic was a sinking of the blood sugai \ allies bolli at eighteen 
hoins and at the end of .inolhei two dajs of staivation The lowest 
figines weie obtained fioin one to foiii inontlis aftei the operation, 
aftei a while, <i giadiial use took place, which appioximately reached 
the pieopeiative values The same wave of ehangc in eaibohydiate 
metabolism can be followed heie as in om double sugar toleiance curves 
as has been obscived by two of us in otii unpublished intrapeiitoneal 
toleiance cuives^'' On dog 33 which had been used foi our double 
sugai toleiance cuives, only a pieopeiative and two subsequent staiva- 

fAnir 2 — 1 he I2.[lect of Slaivalion on the Blood 9iigai Livel Befoic and Afici 
Isolation of the Tail of tin Paiiena^* 
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•Till') tables Illustrates the bcliaiior of tlic blood su(,ii IcicI after tuentj-foui anti 
seventy tuo hours of fastini. Hie (loi,s icccliod as much uatci as thev wanted and weio not 
dehjdiatcd as cheeked by hemoRlobln determinations One iiieopciatiio dotornilnatlon and 
hceeral postoperaUee determinations were made Tlie ioiust figures folloumi, tiiree days of 
fastint were obtained around the tlilrd month In dog 3d a typical hypoglycemia with ovticme 
fatigue restlessness and tieinoi deycloiicd on tiic ntnety-tiftii day Tills was lelleved within a 
few minutes by i dose of dextrose Tiic ayeiagc lowest yaluc was ~7 1 mg ]ioi hundred cubic 
centimeters of blood 


tion cuives weie obtained Ninety-five days after the operation, the 
blood sugai duiing fasting was 65 mg per bundled cubic centimetcis 
of blood, twenty-foui hours latei, a leading of 413 mg and a day 
latei of 39 5 mg of dextrose pei bundled cubic centimeteis of blood 
was made The clog showed clinical s^'iiiptoms of hypoglj'cemia, and 
was quickly iclievecl by dextiose Two bundled and seventy-eight days 
later, the readings aie close to the pieopeiative values Theie was no 
change in the dog’s weight and appearance during the whole expei imeiit 

co>rAIr:^ i 

A stud} of oui chaits indicates that following the isolation of the 
tail of the panel eas in dogs a definite loweiing of values during fasting 
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uul \ fl ittcmny: ot iIiL look place in ail fnc dot^" In dog 1 the 

lonc'Jt l)k)od '•iniu IlilI n in iiKountcicd on tlic one hundred and ^ixth 
d.u , in dog 2 on the one hnndicd ind tlnrU-M\th da\ , in dog 3 on the 
tliiiti-filtli da\ in dog 4 on tlie In enti -sc\ cnth da% and in dog 5 on the 
thirtietli da\ tolloning operation Ihcsc lilood sugar \ allies during 
tasting are uell helow tlie lonest hunt ot normal and are also nell below 
the preoiieratue blood ^ugar le\els ot the same dogs Schwartz and 
Kemp in mimcioiis detenninationN ot the blood sugar ot normal dogs 
during fasting tound \er\ small fluctuations during a period of seeersl 
months '■ 

There was also a change in the character of the sugar tolerance 
cui\es Thc\ became flattei and not onh reached the tasting lex el 
within two hours alter the double injection of sugar but trequenth 
showed a posthxperghceinic dip 

The lower sugar x allies and flatter curxes hoxxexer did not persist 
at then almost hxpoglxceniic lex el but later showed a gradual rise In 
dogs 1 2 and 5 the level on the one hundred and eightx -seventh one 
hundred and thirtx -sixth and sex entx -ninth dax respectnelx was still 
decidedlx below the preoperatixe x allies, in dog 3 the tolerance curxe 
xxas similar to the preoperatix'e curxe on the one hundred and sixtx- 
fourth dax while dog 4 showed marked deterioration of the tolerance 
ciirx’e shoxx mg the aspect of a diabetic curx e 

With the exception of dog 4 all the dogs permitted the injection ot 
a larger than normal qiiantitx of dextrose at timed rates xvithout dex el- 
oping gljcosuna These determinations were made betxxeen the one 
hundred and fifteenth and the one hundred and nmetx -third postopera- 
tix'e dajs 

The blood sugar determinations on dogs fasting tor more than txx o 
daj^s showed an mabihtx or at least a decreased facultx for maintain- 
ing blood sugar at its phxsiologic lex^el for a certain time after which 
a gradual return to preoperatix e x'aliies xx as obserx ed 

The analx sis of these observations must be undertaken xx ith caution 
It IS true that hx poglx cemia and flat tolerance curx es immediatelx sug- 
gest an increased or uninhibited output ot insulin from the pancreas 
Following the case report ot \\ ilder Allan Power and Robertson 

other cases of hx perinsulinism xxere reported in man One case 
report spoke of dx sinsulinism reliexed alter the removal of a small 
tiimoi m the pancreas Our histologic obserx ations reported in a pre- 

2S ttilder R M "Mian k Power ^r H ^nd Robertson If E 

Carcinoma ot tlie Islands of the Pancrca- I \ M \ 89 34S (Juh 30') 1927 

29 Howland G Campbell W R M^ltb^ E T and Robm-on W L 
D^smsulIm.nl ConrnP.on.; and Coma Due to I-Iet Cell Tumor oi the Pancreas 
x\ith Operation md Cure T \ M \ 93 674 ( \u^ 311 1^529 
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vious papei, dlso indicate a icijuiciation and h^peitioph} of insulai 
epithelium following letention of panel eatic juice, yet hypogl}cemia of 
hepatic and adienal oiigin must first be excluded The inabiht}' to store 
glycogen m the diseased livei diffusely invaded by an adenocaicinoma 
has been seen bv Nadlei and Wolfei,'’® m which case a clinical picture 
almost identical to that of h)peiinsnhnism has been peisonallv obscived 
by one of us (de Takats) In oidei to be sine that oui dogs were not 
sufteimg from a lack of glycogen stoiage, a few glycogen determinations 
weie made fiom biopsy mateiial obtained undci anesthesia produced 
by piocaine hj,diochloride and a baibital derivative From 4 to 6 pei 
cent of gl) cogen was found in thiee of our dogs opeiatcd on at the tune 
when the\ showed a low blood sugar level One might even suspect, 
on the basis of Fletenji’s sugai detei minations in tissues,^’^ that an 
increased gh cogen-fixation is piesent during insular In pogl} ceinia 

The leaction of the adienals to this operation has been followed w'lth 
great interest The lemaikable iiiveision of the epinephrine cuive, 
which was obseived at a ceitain peiiod in tw'o dogs, would indicate that 
the epinephrine hj'peiglycemia suddenl}' mobili/cd such an excess of 
insulin that the low blood sugar level of 52 6 mg per hundred cubic 
centimeters of blood was i cached half an houi aftei the injection This 
low blood sugai in tuin w^ould mobilize endogenous epinephrine as has 
always been maintained by Cannon and this hypeiglycemia would again 
call foi insulin with a second dip to 47 9 ing A lemarkable imbalance 
of blood sugar legulation, wdiich is tempoiaiy and is not observed in 
later epinephrine tests, suggests the possibility of changes in the iitive 
legulation of carboh}diate metabolism 

A numbei of workeis maintain'’" that the inteiiuption of sympa- 
thetic and parasympathetic fibers to the islets oi to the In'^ei pioduces 
changes in sugar tolerance One is impressed with the abundance of 
nerve tissue in histologic sections of the pancreas Some investigators 
might explain the results that wc have observed on the basis of a partial 
denervating eftect due to the sepaiation of the tail fiom the bod}, but 
we believe that our obseivations aie best explained by the histologic 
changes 

Omitting any tempting speculation, this much may be said of the 
eftects of isolation of the tail of the pancreas on carbohydrate metabo- 
lism A low ering of blood sugar A'alues during fasting and an increase 

30 Nadler, tV alter H, and Wolfcr, John A Hepatogenic Hvpoglvcemia 
A.ssociated with Prlmar^ Lner Cell Carcinoma, Arch Int Med 44 700 (Nov) 
3929 

31 Heten\i, Ge/a Experimentellc Untersuchungen uber den Meclianismiis 
der Insulin Wirknng, Ztschr f d ges exper Iiled 45 440 1925 

32 Poliak Leo Der Mcchanismus der alimentaren IPperghkacinie, Arch 
f txper Path n Pharmakol 140 3 3929 
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m lokiancc take"; place i htse changes occui Iroin one to three 

month'' folloeMnc: tlie ojieiation loiter these cl^ange^ become less and 
le'ss marked In one dog preojKi atn e tolerance e\as ohscieed and m 
another a decrea'^e in tolerince 

Sceeral lactors ma\ he rc'^poneiblc for the letuin of the tolerance 
cur\es to normal oi neirh normal In the fir-t place, our histologic 
''tudies as well a*; those nt othei'> ha\c '^hown that the degree ot 
sclerosis ma\ later endangei the nutrition ot the islets A complete 
atrophv ind sclerosis of the gland must soonei or later ineohe the 
islets A t\pe of diabetes mae result as encountered tollowmg acute 
pancreatitis m man This ma\ ha\e happened m dog 4 Hedon 
Thirloix and Im and Fairel! ““ obsened a marked atropln ot the trans- 
planted pancreas when it was not allowed to secrete externalh Jorns’^^ 
laid great emphasis on the degree of sclerosis that ma% later endanger 
the function of tiie islets In our earlier experiments we noted that a 
double silk ligature with complete sererance of the bod\ from the tail 
would set up more edema and later sclerosis of the gland than a division 
with the cauten which permitted drainage of pancreatic juice, and 
which resulted in much less atropln and fibrosis than a ligature In 
this respect, the careful woik of Jorns, who could show an impro\ ement 
in sugar tolerance far .wore readih following a single ligature of the 
duct than after complete er ulsion and permanent ser ermg of the duct, 
IS remarkable 

This takes us back to the original suggestion ot INIansteld who used 
onh a single massne ligature around the bod\ of the gland This is 
bound to peimit the reestablishment of the continuiti of the duct, which 
seems to far or the persistence ot the islands after the initial stimulus of 
a mild pancreatitis has subsided 

One must also consider the fact, repeatedh obser\ed by us at 
explorations following the operation on the pancreas that not onh' the 
isolated tail of the pancreas, but the rest ot the gland shows an edema 
and postoperatir e reaction That an acute total pancreatitis w ith destruc- 
tion of tissue mar later lead to a hi perregeneration of islets must also 
be included in our possible interpretation of results Allen saw Inper- 
trophic islets in his partial pancreatectomies Fahr pertormed gradual 
remoral of the pancreas m sereral stages, and obserred large islets as 
a response to increased functional actiiitj of the remaining stump 
Sprengel reported a most mstructne case, in which he saw the hemor- 

00 I\\ \ C and Farrell, J I Contribution -• to tlic Phistologr ot tlie 

Pancreic I A. Method for the Subcutaneous AutotrniispHntation ot the Tail of 
the Pancreas \.in T Phrsiol 77 474 (Juh) 1926 

34 Allen F Glrcosuria and Diabetes Bovton \\ M Leonard 1913 

3o Fahr T Diabetes Studicn tircnows Arch f path \nat 213 247 1914 

36 Sprencell H Klinischc und aiiatomischc Untcr'UchunsTt.n an an-ceheiltcn 
Pankrta-icUnckroscn Bcitr i Khn Onr 140 117 1^27 
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ihagic edcnutous gland at opciatioii and icnuntd .1 large ^cqucstuiin 
of dead panel ealic tissue Ten months latei, wlien tlie patient died of 
intestinal obstiuction the panel e.is showed numerous and large islands 
and only a slight fihrosi', m its midjioition, <is a lemnant of preeious 
destruction We could find no east rt ports of inereased sugar tolerance 
in cases of healed aeute ji.meie.ililis although shorlK .ifter the opera- 
tion, low^ blood sugar values ha\e been seen ’ 

It may be possible, then that m out dogs a In perregeneration of 
lost islets took place, wdiich giadualh subsided 

Another cause of the slowh subsuhng In pogl_\ceniia m dogs ina} 
be the effort of compensation m a normal animal It is reasonable to 
assume that if h\ pogl_\ cemia would detclop following increased or 
uninhibited secretion of insulin, the meehanism which normall} regu- 
lates a stead\ blood sugai lc\cl would attempt to restore the ph3Siologic 
level The experiments of Langecker, " who tound definiteh h3per' 
trophie adienal glands follow'ing the piolonged administiation of insulin 
are important in this connection Gra3 and Feemstcr. wdio found com- 
pensatoiy h3pertrophy and hypoplasia of the islets of a child born of 
a diabetic mothei, described a In pertro])h3' of main medullar3 cells 
of the suprarenal glands’’'' The emeigcnc\ theois of Cannon, Mclver 
and Bliss, could be applied peihaps to hvpoghcemic states of longei 
duration We have no pi oofs to offei foi this suggestion However, 
the tolerance cuives in dog 1 , which have been folloived most c!osel3 
would indicate that steep rises and falls aie obseived on the one hundred 
and sixth and one hundred and eighteenth postoperative days, as if an 
increased S 3 mipathetic tonus of the vegetative nervous systtvn w'^re 
present Also the epmephune curves show' a fluctuating response to 
this drug Wohlgemuth and his co-w'orkeis spoke of a s3'mpathicotonia 
following ligation of the duct in labbits, but believed this to be the result 
of diminished antagonistic action of the islet cells on the adrenals 

The increased capacit3' to utilize ingested carbohydrate is not 
unknow'n m pancreatic diseases of man Beiginann believes that m 
acute edema of the pancreas, w'hich piecedes acute necrosis, a low'd mg 
of blood sugai may be obseived as a lesult of islet stimulation Jorns 
showed a tolerance cuive of a patient three da3's after operation fo^ 

37 Langecker, Hedwig Der Einfluss chronischer Insulm-Zufuhr, 
Nebennieren beini Kaninchen, Arch f exper Path u Pharmakol 134 155, 

38 Graj , S H , and Feemster, L C Compensatory Hypertrophy 

plasia of the Islands of Langerhans in the Pancreas of a Child Born of a la e 
ilother, Arch Path 1 348 (March) 1926 

39 Cannon, W B , Mclver, M A, and Bliss, S W Studies on CoiHh 

tions of in Endocrine Glands XIII A Sympathetic an 

Mechanism for Mobiliring Sugar in Hvpogljcemia, Am J Ph%sio! > 
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acute pincieitic nccroMs which showed a marked fall instead ot a rise 
in the susjai IcNel Yet the blood sti^ar during tasting was 150 mg per 
hundred cubic centimeters of blood One can hardU siijjprcss the sug- 
gestion that the ingestion ot sugar m such cases sets up a reflev which 
fixes gl\ cogen in the luer instead of niohih/ing it as it usualh does 
That this increase m gl\ cogen fixation on a reflex basis ma\ be the 
underhing cause ot our low sugar leiels and flat tolerance curies 
might also he considered without postulating am increase m insulin 
action 

The increase m glicogcu fixation whether on a hormonal or on a 
nerie basis would be desirable in diabetes One theon of diabetes that 
has not been shattered b\ the discoien of insulin is tounded on 
increased gli cogen mobilisation as a result ot hi perirritabihti ot the 
simpathetic nenous si stem \\hicheier theon ot diabetes is faiored 
a possible increase m gli cogen fixation is worthi ot a therapeutic 
attempt 

Such an operation in man should tri to preient a progressing scle- 
rosis of the tail that w ould i itiate the initial results In a case reported 
bi one of us and Yilder^" the gland was diiided with the cauteri to 
prevent too much retention and was wrapped in omentum with the hope 
of insuring better lasculari ration Up to the present time — seAen 
months after the operation — the improrement m sugar tolerance is still 
in progress We know far too little about the cause or causes of dia- 
betes even to guess at the tate ot regenerated islet cells Would tliei 
be affected b\ the same agent that initialh caused diabetes, or would 
their changed ner\e supph protect them trom inhibiting influences’ 

We haie felt that the lalue of such an operation m man could be 
judged onl^ b\ actual therapeutic attempts m ju\enile diabetic patients 
wdiose power of regeneration is great whose pancreas, particularh the 
blood ^essels is still intact and who show remarkabh scarce histologic 
eiidence of insular lesions A stud) of such cases m patients operated 
on carried over a period of rears will help to decide this problem 

Our experiments on animals are suggestne enough to justifr further 
trial in man especialh since it has been shown tliat the operation can 
be performed safeh The problem of handling the pancreatic stumps 
will be discussed elsewhere The tact that in the normal dog the low 
sugar values are not persistent does not mean that the diabetic patient 

40 De Takats Ge/a and ilder Russeil M Isolation of the Tail oi the 

Pancreas in a Diabetic Child T \ M ■\ 93 606 ( Vug 24) 1929 

41 Since this article has gone to press another diabetic child has been operated 
on Instead of using the doision with the cauterr a strip ot lascia lata was tied 
around the tail ot the pancreas Postoperatne con\ ale-cence was smooth Results 
ot this operation will be pubhshetl later 
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might not be peimanenth benefited While the perfoimanec of experi- 
ments on paitially panel eatectomi/cd dogs would seem tempting, ne do 
not believe that the pancieatectomi/cd dog is an ideal model foi experi- 
ments foi obtaining infoimation conecining diabetes in man 

SUMM \Hy 

1 In a senes of live dogs, \\hose panel eas was dnided with the 
electric cautei) and then wiapped in omentnm double oral doses ot 
sugai w^eie given to test then sugar tolerance Such tests repeated at 
mteivals of from two to foui w'eeks for sc\eral months showed a 
definite fall in blood sugai dining fasting, a flattening of the tolerance 
cuives and an inciease in the posth\pergl 3 cemic Inpoghcemia In 
three of the five dogs, the low'er levels still persisted at the conclusion 
of the experiment One dog’s values letuined to noimal, tind one dog 
developed a definite decrease m tolerance 

2 Intravenous doses of dextrose at timed rates, earned out onh 
once on each dog of this series showed that m foui of five dogs a larger 
than normal amount of dextrose per hour pei kilogram of bod\ weight 
had to be given mti avenoush'^ in oidei to pioduce glycosuria 

3 In dogs, fasting foi from tw^o to thiee dajs lesulted in low 
amounts of blood sugai at a certain phase of the expeiiment, this phe- 
nomenon of “Karenzhypogl} cemie of Mansfeld” w'as not permanent, 
and loughl} followed the changes obseived m the double sugar tolerance 
curves 

4 Blood sugai curves following the injection of epinephrine w^eie 
determined three times in tw'o animals, once before, once at the stage 
of lowest blood sugar values during fasting and once w'hen the figures 
were returning tow^aid normal values A peculiai imbalance of caibo- 
hydiate regulation was reflected m these curves 

5 The coi relation of these observations wnth our previous histologic 
studies would suggest the possibility that the mild pancreatitis set up 
by the stimulus of the operation lesults m a hypei trophy and hyperplasia 
of islet tissue, the functional activity of which is lepresented by the 
changes found m our present study We are unable to say whether an 
actual increase in insulin output, a change in the secretory rate as a 
result of change in innervation or a functional hvei block diminishing 
the outpour of gtycogen is at play Nor is it clear why these changes 
are not peimanent The possible causes for the return to the pre- 
operative status of the normal dog are discussed 

6 It is emphasized that these results can by no means indicate the 
possible effects of such an operation on man This question can be 
decided only bi operations on patients wnth diabetes 
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AUTOGENOUS FREE CURTILAGE TRANSPLANTED 

INTO JOINTS 

\N r:\PERI MEN TA.L STLD\ * 

M UNWELL HA.RBIX, MD 

\ND 

ULUN R MORITZ, MD 

CLE\FL\\D 

Experimental iirv estigation ot the belia\ lor of autogenous tree cartil- 
age in the joint space has been made difficult b\ the earh attachment of 
such cartilage to the sjnoiial membrane 

Strangew a} s expressed the ^ lew that articular cartilage dern ed its 
nutriment from the sinoiial fluid and that loose cartilaginous bodies 
not onh survned m the joint caMties, but also increased m size Such 
clinical ei idence led Fisher - at about the same time to suggest the fol- 
lo\Mng D\o possibilities referable to the nutrition of cartilage (1) that 
plasma flon ed into the joint from the capillaries h ing in the cancellous 
plates abutting on the calcified la\er, or (2) that plasma flo\Mng into 
the joint from the plexus ot lessels Ijmg beneath the sjnoiia at the 
margin of the articular cartilage iias the source of this nutrition He 
also beheied that cartilage cells free in a joint retained their iitalitj in 
almost eierj case and after a time actiielj proliferated 

Fisher - studied the behaMor of cartilage in joints of the rabbit b\ 
chiseling oft portions of cartilage which were freed in the joint He 
stated 

It was lound ui e\en case that the bod^ acquired almost immediateb an attach- 
ment to the sinoiial membrane that the latter surrounded it with a connectne 
tissue sheath and that this sheath had the remarkable propert\ ot lasing down 
new cartilage upon the surface ot the original articular cartilage 

* Submitted for publication Not 23 1929 
From the Laborator\ of Surgical Re-earch and the Department ot Pathologi 
the Lakeside Hospital and the Western Re'ene Lniiersiti School ot Medicine. 

1 Strangewais T S P Observation on the \utrition ot Urticular Car- 
tilage Brit Mil 661 (Mai 151 1920 

2 Fisher \ G T V Studi ot Loo-e Bodie- Composed ot Cariila..e o- 
ot Cartilage and Bone Occurring m Joints with Special Reierencc to TIui- 
Pathologi and Ftiologi Brit T Sur., S 4t)i ( \pril 1 1^)21 
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Haas ' studied tlie bchavioi of lione and cailil.i^e tianspl.mts free 
in joints, hoping that hy jdaeing tiie fiagnients in a fenestr.ited iiihher 
tube anchoiage of the tissue to the smiom.iI meinhiane might he jiie- 
vented In all of tlic twelve exiiei iinents, the contents of the tubes 
hceame adheient to the s\novia whieh defeated the piiinai} piiiiiose Oi 
his investigation, namel}, a stiuK of the hehavioi of eaitilage .nul hone 
w'lthout vasculai i7ation 

We cast about foi some ine.ins wheieh) the jihcnomenon of adhesion 
and \aseulaii/ation might he pi evented in oidei that ohseieations eould 
he made on the i espouse of caitilage W'hen nouiishcd as neaih as possi- 
ble h} the s^novlal fluid alone Aftei oui w'ork evas eomplcted, Pollock 
IMcKenney and Blaisdell ‘ repoited eeitain expeiimental ohscnations 
on the behavior of hone tiansplants, having used collodion memhianes 
in about the same mannei as wl did wnth caitilage Unfoi tunateh none 
of their sacs lemained intact In view of these studies, as well as cci- 
tain indetei inmate W'oik wdiich has been done wnth eaitilage cultuies in 
vitio, w'’e w'cie led to believe that pieces of caitilage might be placed in 
some dialyzahle memhiane wdiieh w^ould permit nounshment of the 
tissue hy s3nov!al fluid alone, w-ithout vaseulanzation fiom the sMiovia, 
using at the same time a substance that would not act as a chemical 
iiiitant to the tissues 

The conclusions lefeiahle to the hehavioi of eaitilage fice in the 
joint space precious to this time have been largely theoietical deduc- 
tions drawn fiom jiathologic mateiial lemoved from the human joint at 
opeiation oi autopsy 


LXPinuMnNTAL PKOCuiuin: 

Thirteen clogs, between 4 .mcl 8 months, of age, weic used for this investigation 
Two pieces of cartilage were reinoxeci from tlie right knee incl introchiccd i ito 
the joint cavitv of the left knee of eich anim d 

Drop ether ancsthcsi i was used, and the skin over the inner aspect of eich 
knee was shued ind prepared wnth alcohol and mercuric chloride The cirtilige 
was rcmoced b) shaaing tlic joint surf ice of the lateral eminence of the low'ci 
portion of the articular surface of each femur In most instances, the entire 
thickness of the articul ir cartil igc, together w'lth a thin lajcr of the subchondr il 
spongios 1 , was obtained Each spceimen of cartilage w' is approviinateh 6 min 
long with a maximum width of 3 mm The thickness varied, but accraged betw’een 
2 and 3 mm In some of the animals oiil> i single specimen was t ikcii, as recorded 
in tile protocol 

One specimen of cartil igc w is enclosed in a collodion sac ind is i coiitio! 
tlic other cartilage w is introduced uncoatred into the joint cavita 

3 H las S L The Transpl intatioii of Bone into Joints Arch Siirg 13 426 
(Scjit) 1926 

4 Pollock W n McKcnnea P W and B1 iisdcll F F The Vnbilitj of 
Trinsplanted Bone \n Experiment il Stiieh Arch Surg 18 007 (1 eb ) 1929 
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Collinhi'n wtrt jirt^inrccl 1)\ in^irtmc tlic iiul oi i f,h^= tube into one 

lull ot in onlinirv viinll j^ehtin c ijiNtik iiul dippnn: it into on 8 pir cent <;olution 
ot collodion T Ik collodion wO'' ollowcd to dr\ in tlic oir tor fne ininnteb ond 
w K tliin rcdippcd While the collodion k i- drciiit: the tube wos twirled to 
prc\cnt m nnc\cn co itnm Inc nniuitc'- otter the second dippintr the tubes 
were inimer>.ed in woter ond the collodion cooted copsnle wos remoted b\ circling 
tile tube with 1 sliorp kniie ond blow me on the open end The celotin wos then 
dissoUed ond wovlied out oi the sic with worm woter The sacs were stored 
in the relricerotor in plusiolo^ic solntton ot sndinni chloride Just betore being 
used these soes were woshed in 70 per cent olcohol ond rinsed with sterile saline 
solution The soc wos then filled with sohiie solution the slner ot cartilage 
inserted nid the sac tied with sdk then dried ond dipped in ether ond the entire 
end includinu the silk tie snieored with collodion 

\11 sacs were tested lor defects helore being iiscd It was louiicl that such o 
soc permitted diftiisioii ot inorgomc salts in solution but elid not ollow passage ot 
the protein molecule I be diahsatc ot blood serum through such a sac was found 
to be negotnc lor protein or protein split products b\ the biuret and Hellers 
ring test ^t the end oi \or\nig periods ot time the lett knee joint ot each 
onimol wos reopened ond both trogments ot cartilage were removed Each 
piece ot cartilage including the collodion cooering ot the one was fixed in lor- 
maldclndc sectioned senolU ond stonied with liematowhii and eosin 


PROTOCOI S 

Protocol 1 —Three specimens ot cartilage were taken from the right knee ot 
dog 1. weighing 5 4 Kg One was tixed in tormaldelnde inimediateh and 
the other two were introduced into the ca\in of the dogs lett knee joint ^t the 
end ot se\en dais the dog died of pneumonia The left knee was opened, tie 
wound had healed bi first intention and the sMioiia was smooth and tree from 
inflammation The encapsulated as well as the unencapsulated piece ot cartilage 
was found to be free from adhesions and the two la\ in the posterior jo n p 

H,s,oIog,c Obscrz at, o„s -Control Specimen of Cartilage Sections included 
the entire thickness of the joint cartilage with a low er mar^ii ot 
chondral spongiosa The cartilage had a homogeneous fa.ntli b^ophd.c matr 
The cells just below the articular surface were spindle-shaped and d-posed para le 
to the surface Deeper m the cartilage the> were spherical and 
zone of proMSional calcification was approached thei showed sonie ° 

be arranged m columns The cells occurred in small clusters The 
round, and the cells filled their lacunae There was a 
in the deeper portion of the cartilage m which the matrix took - 
basophilic Ln The zone of proi.s.onal calcification wa. narrow and incompl t 
with occasional lascular loops penetrating it trom the marrow The trabeculae 
of the primao spongiosa were hea\i and thickh ispose its imnianti- 

Unencapsulated Cartilage This “luje'd a narrow zone of 

tion in the left knee joint Sections o » ^ capsule ot fibrous 

pnman spongiosa The entire ,,,oued considerable absorp- 

connectne tissue The TheVposed tibriis ot die cartila.m 

tion of matrix with exposure of the hbnls tissue The di«po i- 

blended nidistinguishabb with the coiering rous “ ' charmed Tlie artic 

tion. number and size ot cartilage cells did not ;PP- ^ ° , ;'^2 areolae -n the 

ular zone of the matrix was acidophilic and TK zon 

deeper cartilage were paler than those ob~ericd m the 


The zone oi 
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provisional calcification sliowed no change There were two siiallow knife 
wounds which represented operative artefacts These were both filled by fibrous 
connective tissue which appeared to be an iiigrow'th from the fibrous capsule of 
the implant 

Encapsulated Cartilage The specimen of cartilage (fig 1) was removed 
seven davs after its encapsulation and implantation m the knee joint The col- 
lodion sac appeared to be intact throughout The surface of the cartilage showed 
a narrow zone of granular basophilic necrosis There was no connective tissue 
covering beneath the necrotic zone There was some absorption of matrix with 
exposure of the fibrils The entire specimen showed some loss in basophilic stain- 
ing properties, and there was a complete disappearance of the basophilic cell 
areolae The cartilage cells showed various stages of degenerative ciianges, 
although most of them appeared normal The degenerative changes were 



Tig 1 — Specimen of cartilage from dog 1 The cartilage was enclosed in a 
collodion sac and implanted m the joint cavity for seven da>s The sac remained 
intact 

manifested bv a shrinkage of cells within their lacunae In some instances, 
the nuclei were pvknotic, and a considerable number of lacunae appeared emptj 
The cartilage cells m the deeper lavers showed no change other than a loss of 
cell areolae One small knife wound m this piece of cartilage gaped and showed 
no healing 

Protocol 2 — Two pieces of cartilage were taken from the right knee of dog S, 
weighing 6 2 Kg, and inserted into the cavitv of the left knee joint One was 
unencapsulated and the other was enclosed m a collodion sac After twentv-two 
davs, the knee joint was opened and both cartilages were removed The eiicap- 
suHted cartilage was found to be incorporated m the wound just beneath the 
svnovia It was firmlv attached bj fibrous adiiesions The unencapsulated car- 
tilage was free in the joint space The svnovia was smootli and there w is no 
evidence of inflammation 
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Htslolonic Ob^ii- allot <; — IJIH.llc^p‘'Ul^t^-d C^rllI igc Tlic uncncipsuHted 
specimen oi cirtihgc mcKuiinc i portion oi the suiicliondnl o'jeeous hmelh ^\^s 
enclosed in n thin fihroiis connectnc tissue copsule The cortihge showed a 
superficnl hciiinr absorption ot nntriv with superficial exposure oi fibrils and 
in\"ision b\ tlic surrmindimr fibrous Lonncctiic tissue The cells filled their 
hciiinc and showed no degeneratne chances, and the basophilic areolae were 
well marked The rone of provisional calcification and underlving osseous lamella 
showed no change 

Encapsulated Cartilage The collodion sac contained several small defects 
through which fine strands of fibrous connective tissue extended At the ends 
01 the specimen the exposed fibrils merged indistinguishablv with a thin laver 
ot fibrous connective tissue which complctclv covered the specimen and filled in 
the marrow spaces between the trabeculae of the primarv spongiosa There v as 
some diminution in the staining intensitv ot the cell areolae The cartilage cells 
themselves showed no changes 

Protocol 3 — ^ single piece of cartilage was taken from the right knee of 
dog 53, weighing 2 3 Kg and enclosed m a collodion sac and introduced into the 
joint cavitv ot the lett knee Alter twentv-two davs, the left knee was reopened 
and the encapsulated cartilage was found free in the joint cavitv 

Histologic Obserzatioiis — There was no evidence of anj defect m the sac 
The thin ends of the specimen were the seat of granular basophilic necrosis, and 
the cells in the superficial laver of the cartilage showed an unusual degree of 
flattening, but there was no apparent absorption of matrix nor exposure of 
fibrils The cartilage appeared to have shrunk This appearance was due to the 
flattening of cartilage cells throughout a fairlv wide peripheral zone Deeper in 
the cartilage, the cells were large, spherical or biscuit-shaped and filled their 
lacunae There was some reduction m basophilic staining propertv, and the cell 
areolae was relatively pale 

Protocol 4 — A piece of cartilage enclosed in a collodion sac was introduced 
into tlie cavitj of the left knee of dog 33, weighing 3 5 Kg After twentj-five 
dajs, the knee was reopened, and the encapsulated cartilage was found free in the 
joint space 

Histologic Observations — The sac was intact, and the silver of cartilage was 
rounded off to fit the space within the sac The cartilage (fig 2) appeared in an 
excellent state of preservation, and the basophilic cell areolae were pale and did 
not offer much contrast to the neutrophilic matrix. There was no evidence of 
fibrous connective tissue proliferation within the sac 

Protocol 5 — ^Two specimens of cartilage were removed from the right knee 
of dog 4, weighing 41 Kg, and introduced into the left knee After tvventv- 
eight davs the joint was reopened, and neither the encapsulated nor the unencap- 
sulated specimen could be identified The joint space was distended with a 
nscid purulent exudate and the svnovial surface was covered with fibrinous 
exudate 

Protocol 6 — Two pieces of cartilage were introduced into the joint cavitj of 
the left knee of dog 59, weighing 6 2 Kg The knee was reopened after twentv- 
eight davs The wound had healed bv first intention The specimen enclosed in 
a collodion sac was free in the joint space The unencapsulated specimen was 
firnilv attached to the svnovia 

Histologic Obscr-atioiis — Unencapsulatcd Cartilage The cartilage occupied 
the center of a s\novnl projection and vva<: covered with a thick laver ot fibrous 
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connective tissue winch sIio\\cd abundant ^asculanzatlon The cartilage showed 
lacunar absorption of the matrix from the surface both from abo^c and from 
below There was extcnsue \ ascularization of the cartilage The matrix, how- 
ever, appeared homogeneous, and the cartilage cells showed no change There 
was some loss in basophilic staining properties 

Encapsulated Cartilage The sac was not intact, and at one end there was a 
narrow' pedicle of fibrous connectne tissue extending through a defect in the 
sac and becoming continuous W'lth a thin fibrous barer that corered the cartilage 
The cartilage itself appeared fibrous, and with high magnification the cells were 
elongated and spindle shaped 

Protocol 7 — One specimen of cartilage was enclosed in a collodion sac and 
introduced into the joint caritj of the left knee of dog 39, weighing 5 2 Kg 



Fig 2 — Specimen of cartilage from dog 33 The cartilage remained tw'entj-five 
dajs in the joint canty and w'as enclosed m an intact collodion sac 

The left knee was reopened after thirtj-two dajs The wound had healed, but 
there w’as marked edema of the subcutaneous tissue, and the joint cantv was 
distended w’lth cloudy fluid The tip of the sac enclosing the cartilage was found 
to be attached to the sjnovia 

Hi’itologic Obsci nations — There was a large defect in one end of the sac with 
a band of roung fibrous connectne tissue extending through the sac The car- 
tilage Itself had entirelj disappeared leaving onlj the subchondral osseous lamella 
and a few trabeculae of the primarj spongiosa There was a small amount of 
exudate within the sac consisting of poh morphonuclear leukoertes and fibrin 
Protocol 8 — A single specimen of cartilage was rcmoicd from the right knee 
of dog 48, enclosed in a collodion sac and introduced into the joint caMtv of the 
left knee The joint was reopened after thirn-two da^s, and the encapsulated 
cartilage was found attached to the ha pcrtrophic sanoaia 
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Ih^toloqic Ol’Si I-' (fig 3) — Thtrc were sc\cr'il snnil cIlIccIs in the 
sne throuch skmlcr bnuk ol fibrous cnnncctnc ti'suc c\tcnd(.d to become 

contmuouv with n thin fibrous cnpsulc tbit enclosed the cirtihge There wis a 
slight degree ot nntnx absorption along the superficial siirlacc, and the sur- 
rounding fibrous conneetnc tissue was \asciilarized The cartilage itselt showed 
no ■casciilariration The c irtilage cells filled their lacunae, and at the narrow ends 
ot the Specimens and tor a short distance beneath the suriace tiie lacunae were 
connected with one another b\ a s\stcm ot canalicuh (figs 3 and 4) These 
canaheuh were readih identified since the\ took a deeper basophilic stain than 
the surrounding matrix Deeper in the cartilage, the matrix was homogeneous, 
and there was no apparent communication between lacunae In seteral slides, 
the canaheuh extended to the surface of the cartilage and apparenth opened into 
the intercellular spaces ot the fibrous connectne tissue cotering 



Fig 3 — Specimen of cartilage from dog 48 showing a delect in the collodion 
sac and the formation of interlacunar canaheuh 

Protocol 9 — \ single specimen of cartilage was remoied from dog 38, 
w eighing 3 5 Kg enclosed m a collodion sac and introduced into tlie car iti oi 
the left knee ■\iter thirti-two dais the lett knee was reopened and the encap- 
sulated cartilage was found free and unattached m the anterior joint space 

Htstologit Obsci- atwiis (fig 5) — Sections showed tlie sac to be intact, and the 
cartilage appeared to be in an excellent state ot preseriation The cells were 
'-mall but filled their lacunae except at the narrow ends of the specimen where 
the lacunae appeared \csicular and either were empti or contained onh a piknotic 
remnant of the cartilage cell The matrix was uniformh acidophilic, and the 
cellular areolae were lost Here as m the encapsulated sp,.cimen from dog 48 a 
sistcni ot canaheuh connected the lacunae In this specimen the canaheuh were 
not limited to the periphery and ends but were seen throughout almost the entire 
matrix 


Fig 4 — High power magnification of intcrlacumr cnnaliciili Specimen of 
cartilage shown in figure 3 



r,g 5 High power magnification of cartilage from dog 38 showing inter 

lacunar canalicuh 
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rRinotui 10 — Hinu'-i. I'l tht thinin';<; of tlic nrUmlir cnrlilnqc, tlircc small 
'^InMnj,'- oi nrtihkt 'M-tl rtmintd irom iht jmmt •ipacc of the right femur ot 
(Inc wtichmc '■It Kg The Irmmcnts wtrt all small, and were enclosed in a 
sac which was miniducid into the ktt knee \tter thirl\-sc\cn da\s, the sac was 
reiiioccd There wa< some t\cess ni s\nn\nl fluid, and the sMio\ia was coscred 
with iriahk mUous cramilation The sic was grossK intact and was embedded 
in a pocket in these gratuilaiions 

Ilniolooii Ohu I- (ilioi r — Sections showed the subchondral spongio'a entirelj 
denuded 01 cartilage There were mam small detects m the sac which contained 
purulent cMidate 

PROToeoi 11 — Three pieces oi cartilage were remosed from the articular 
sunacc ot the right tcniiir ot dog 96 weighing 7 2 Kg One was taken for 
histologic examination ot normal cartilage, one was introduced without cotenng, 
and the other was enclosixl in a collodion sac and placed m the left knee joint 
M the end ol filU'two da\s the leit knee was reopened and showed no etidence 
of inflammation The encapsulated and noncncapsulated specirricns were adherent 
to one another and to the s\no\ta m the intercondelar fossa 


Ihslolooic Obst.i~ ation’: — Control Specimen of Cartilage The control speci- 
men had an appearance esscntialh identical with that of the control speamen 
described in protocol 1 (dog 1) 

Uncncapsulatcd Cartilage The uncncapsulated specimen of cartilage was sur- 
rounded bt a fibrous connectuc tissue capsule which was continued as a 
tasculanzed pedicle from one end The cartilage showed considerable peripheral 
matrix absorption and fibrous connectne tissue replacement The matrix was 
fibrillar rather than homogeneous, and the deeper cartilage cells appeared well 
preserted, and filled their lacunae, which were rounded Toward the surface, 
these lacunae were elongated and disposed parallel to it 

Encapsulated Cartilage The collodion sac had man\ small defects with 
extension of the surrounding fibrous connectne tissue into the sac and around the 
enclosed cartilage The cartilage was almost entireh replaced bj fibrous connec- 
tue tissue and showed lascularization The lacunae throughout most of the 
specimen were connected with one another b\ small canaheuh similar to those 
preiiousK described 

Protocol 12 — Two pieces of cartilage were remoied from dog 97, weighing 
6 Kg , and one w as placed m a collodion sac Both specimens w ere inserted into 
the left knee joint After eightj-four da 3 S, the left knee was reopened, and both 
specimens were found to be adherent to the sjnona bi fine fibrous adhesions 


Histologic Obscrcafioiis — Cinencapsulated Cartilage The specimen included 
a generous amount of attached subchondral spongiosa The cartilage was r-ascu- 
lanzed and enclosed in a thick cushion of fibrous connects e tissue The matrix 
was homogeneous and took acidophilic stain 

Encapsulated Cartilage There were large defects m the collodion sac, and 
the entire specimen of cartilage was ensheathed m fibrous connectwe tissue, which 
an replaced the superficial zone of the cartilage The matrix was homogeneous 
and showed a loss of basophilic staining properties The cartilage cells appeared 
well preser\ed and filled their lacunae The lacunae at the ends and in the 
superficial portions of the cartilage were seen to be connected b\ a network of fine 
canaheuh 


Protocol 13 — The articular cartilage from dog 9S weighing 74 Kg was thin, 
and It was possible to remote onlt a thin shter ot cartilage which was enclosed m 
a collodion =ac and introduced into the catitt oi the leit knee -^t the end oi 
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194 days, the left knee was reopened The joint fluid was clear, and the synovia 
was smooth, except at the site of the scar of the previous operation There was 
no evidence of the sac or the cartilage 

COMMENT 

Four of the thirteen collodion sacs introduced into the knee joints 
remained intact In six sacs there were defects, and four of these six 
were attached to the synovia by vascularized pedicles of fibrous con- 
nective tissue while two were free in the joint caMty and showed no 
vascularization In three instances, both sac and cartilage had par- 
tially or entirely disappeared in the puiulent exudate within the joint 
cavit};- 

The four specimens of cartilage enclosed in sacs which remained 
intact were removed from the joint cavity after seven, twenty-two, 
twenty-five and thirty-two da)s, respectively These pieces of cartilage 
were all well preserved and contained what appeared to be living cells 
(figs 1 and 2) The contour of the cartilage had rounded and become 
adapted to the shape of the sac, so that theie was no space between sac 
and cartilage There was a narrow superficial zone in each cartilage 
which was acellular, and the matiix of this zone appeared finely granular 
and faintly basophilic Generally, there was a loss of the basophilic 
staining property of the matrix, and the deeply basophilic cell areolae had 
entirely disappeared The cells, for the most part, filled their lacunae 
and appeared unchanged Howevei , at the nai row ends of the specimen 
and for a short distance beneath the surface many of the cells had 
shrunk away from then lacunae, and the nuclei were in many cases 
pyknotic A few lacunae were empty, and the cell had entirely dis- 
appeared There were two essential differences between the unattached 
cartilage fiee in the joint cavity and enclosed in an intact sac and the 
unattached cartilage free in the joint cavity and enclosed in a defective 
sac that admitted the passage of whole sjnoiial fluid In the former, 
the cartilage cells appeared concentrated, as though the entire specimen 
had become somewhat shrunken, and yet exposure of fibrils was rela- 
tnely insignificant In the latter, varying degrees of matrix absorption 
liad taken place, but there was no apparent shrinking or concentration 
of cells in the still recognizable cartilage The other difference was 
the entire lack of cell proliferation within the intact sacs (figs 1 and 2) 
Knife MOunds in these pieces of cartilage showed no evidence of heal- 
ing, and there was no capsule of fibrous connectue tissue interposed 
between sac and cartilage In the latter, there was proliferation of 
fibrous connectne tissue to fill the interstices within the sac (fig 3) and 
to heal the knife wounds 
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In tlin'-t. '-pn.inun'' nl tnciosul in sn.s which hncl not 

icinaincd intact tlu ihinitts wcio not uiiiloim iiul did not ‘'how a con- 
''I'-tint ichtion^Iiij) to tin tunc ihiiiii”: wliicli tiic\ Ind rcimincd in the 
loint ca\it\ \hsor|)tion ol the iiiitriN. '>0 tliat the fibrils were rtcog- 
1117 ihlc was laiih const ml rihrous metaplasia ot cartilatje was a 
characteristie chaintc and ajipt ired to proceed Iroin the sin lace m 
toward tlie sulichoiidril osseous i unclla wincii was m most instances 
attached In the decjicr portions ot tlic eartilagc the ee!Is were round 
or o\ai and oceupied dciniitc 1 icunae m a Inalme matrix As tlie sur- 
tacc was a])proached these cells were more md more elongated and 
the matrix appeared more fibrillar and the transition from cartilage to 
the fibrous conncctue tissue cocermg was so gradual that no sharp line 
of demarcation was seen Ihis fibrous metaplasia constituted an inter- 
esting distinction between cartilage which had siircned in an intact 
sac and cartilage which had surMced in a sac permitting free access 
to SMiOMal fluid In the former there was more “Deinaskierung ’ but 
no metaplasia, w bile in the latter metaplasia w as a characteristic change 
If the change from cartilage to fibrous connectne tissue is dedifteren- 
tiation, it should hacc occurred m both instances 

In a number ot specimens of cartilage which had been in defectne 
sacs, a fine network of interlacunar canahculi was seen (figs 3 4 and 
5 ) In some of the specimens, this sjstem was apparent onl} at the 
narrow ends and beneatii the surface while in others the entire piece 
of cartilage was traiersed hi the canahculi The\ extended between 
the cell lacunae and also communicated with the surface 

Such a SI stem of interlacunar canahculi has been obsened in the 
cartilage of 1 arious of the ini ertebrates Dahlgren and Kepner noted 
that m the cartilage of squid and other im ertebrates there is a si stem 
of communicating passages between cell lacunae through which erto- 
plasmic processes of the cells extend These cell processes thej believe 
proMde for the passage of food and other materials Cajal is cited bj 
Bailey “ as ha^ mg obserA ed a sj stem ot fine w bite lines connecting the 
cells of the costal cartilage of 3 oung dogs Hammar ' stated that he 
obserred unquestionable interlacunar communication onh m the super- 
ficial zone of the articular cartilage and although mam ini estigators 
hare reported the finding ot interlacunar passages he was unable to 
determine whether ther are preformed or artefact 

5 Dahlgren Uric and Kepner W -3 A. Textbook of the Principles of 
ainial Histolog\ Xew York The Macmillan Compam ISOS 

F R A Textbook of Histologr ed 6, Xew York, M illiam Mood 
Y Cotnpam, 1920 

' Hammar J A Leber den feineren Ban dcr Gelenke Arch t mikr Anat 
« 813 1894 
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Solger ® observed this structural character of hyaline cartilage and 
believed it to be an artefact of fixation Wolters " believed the com- 
munication to be pieformed Seveial conditions led us to the opinion 
that these canahculi weie actual and not artefact The mannei in which 
they widened and became funicular as they approached cell lacunae did 
not appear consistent with the conception of artefact (fig 5) Under 
low magnification, this system of canahculi appeared to form an inter- 
communicating network (fig 3), but with high magnification it was 
seen that the canahculi did not communicate with one another, except 
thiough cell lacunae (fig 5) They extended between single cartilage 
cells or groups of cells and occasionally reached the surface Their 
distribution bore no relation to the long axis of the fibrils (fig 3), and 
if their appearance was due to dehydration and shrinkage we should 
expect that there would have been a definite relationship between the 
long axis of the interlacunar channels and the direction of the matiix 
fibrils 

In no instance was this canalicular system seen in normal joint car- 
tilage, nor was it seen constantly m the specimens of cartilage enclosed 
in collodion sacs It seems entirely possible that the patency of the 
canahculi depended on the degree of elasticity of the matrix and that 
they became visible incidental to matrix absorption That matrix 
absorption occurred was indicated by the concentration of cartilage cells 

SUMMARY 

Articular cartilage will survive as long as thirty-two days, nourished 
only by the diffusible elements of the synovial fluid Unattached, non- 
vascularized cartilage in direct contact with synovial fluid shows super- 
ficial fibrous connective tissue proliferation, while cartilage enclosed in 
a collodion sac and accessible only to the diffusible elements of the 
synovial fluid shows no cell proliferation The demonstration of fibrous 
connective tissue proliferation m unattached, nonvascularized tissue in 
the joint space offers an explanation for the spontaneous production of 
and accretion to jomt-mice A system of interlacunar canahculi ade- 
quate to provide for circulation of fluids m the matrix of articular car- 
tilage IS demonstrated 

8 Solgcr, B Ueber Schrumpfungserscheinungcn am byalincn Knor])el- 
geuebe des Menschen und dercn Bcziehungen zu den Fibnllcn, Arch f mikr 
Anal 31 303, 1888 

9 Wolters, ^1 Zur Kcnntnis der Grundsubstanz und der Saftbabncn des 
Knorpels, Arcb f mikr Anat 37 492 , 38 618, 1891 
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l\r!KIMINT\I INiniNCr TO SHOW THAT DT \TH IS DLL NOT TO 

TONI Ml \, IILT TO I OSS 01 DIGI STI\ f I I UIDS \ND S \LTS * 

J C WHITE, MD 

\ND 

r \ FENDER, MD 

llOSTON 

The cause ot death in all l\pes of intestinal obstruction has been 
so long and so unanimousl} ascribed to toxemia that the work of a 
small group who maintain that toxemia is not important in simple lugh 
occlusion has been rather generallj disregarded This group compnses 
the following im estigators 

1 Hartwell and Hoguet/ who in 1912 first called attention to the 
life-saMng properties of salt solution Thej belie\ed that its phjsiologic 
effect was m the prerention of the delwdration, which the\ considered 
to be the chief lethal factor 

2 Gamble and IMcIver,- who believed tliat m these cases death is 
due pnmanl) to tlie loss of the electrolytes sodium and chlorine, with 
secondary inability of the tissues to maintain their normal fluid content 

3 White and Bridge,® who pointed out that since salt is lost from 
all the viscera, muscles and skin, as W'ell as from the blood, by romiting, 
the chlonde ion cannot har^e the toxin-neutrahzing effect ascribed to 
It by Haden and Orr ^ and other recent writers, e g , Phillips and 
Stowe ® 

* Submitted for publication, Dec 9, 1929 

* From the Surgical Services, Massachusetts General Hospital, and the Sur- 
gical Research Laboratories Harvard Medical School 

1 Hartwell, J A, and Hoguet, J P Experimental Intestinal Obstruction 
in Dogs, with Special Reference to the Cause of Death and the Treatment bj 
Large Amounts of Normal Saline Solution, J A. M A 59 82 (Jub 13) 1912 

2 Gamble, J L, and Mclver, M A Bod\ Fluid Changes Due to Upper 
Intestinal Obstruction, J A A 91 1589 (Nov 24-) 1928 

3 White, J C, and Bridge, E M Loss of Chloride and W'^ater from the 
Tissues and Blood in Acute High Intestinal Obstruction, Boston M 5. S T 196 
893 (June 2) 1927 

4 Haden, R L , and Orr, T G The Effect of Sodium Chloride on the 
Chemical Changes m the Blood of the Dog After Pjloric and Intestinal Obstruc- 
tion, J Exper Med 38 5o (JuK) 1923 These investigators now believe that 
the neutralization theorv is untenable, but thev still claim that toxemia is the 
important factor in causing death m this tvpe of case (Chemical Factors in the 
Toxemia of Intestinal Obstruction, J A M A 91 1529 [Nov 17] 1928) 

5 Phillips, IL, and Stowe, W P Intestinal Obstruction and Septic Invasion 
of the Peritoneum, Arch Int Med 44 543 (Oct ) 1929 
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4 Wilkie,® who in 1913 wiote “Simple obstiuction of the intestinal 
lumen must be cleaily distinguished from strangulation” He pointed 
out furthei, that when an obstiuction A\as placed between the upper 
secretory i>art of the intestine and the lower absoiptive part, the resulting 
condition was due to loss of the vomited secietions, and not so much, 
if at all, to toxemia 

More recently, Fostei and Hauslei," as well as Gatch, Trussler and 
Ayres,® divided intestinal obstruction into two mam groups (1) simple 
occlusion of the lumen of the upper small intestine without interference 
with Its blood supply — no toxemia, (2) “strangulation obstruction,” 
with impairment of circulation, in which toxemia is maiked, as shown 
by physiologic and biochemical experiments 

One of us (J C W '') repoited fuithei experimental and clinical 
evidence in support of the classification In the fiist group, toxemia 
IS not important if the occlusion is high enough foi the obstiucted bowel 
to empty itself freely by lomiting, since then it does not become dis- 
tended to the point of losing its noimal blood supply In such cases, 
as Wilkie ® showed, even if toxins aie present in the obstructed contents, 
they are not absorbed by the normal intestinal mucosa to any appreciable 
extent^® Life can be piolonged many days in these cases simply by 
the leplacement of sodium chloride and watei Howevei, if the loss 
of these substances in the obstructed secretions is not compensated, 
experimental animals and human beings die when the chlorides of the 
blood and tissue have fallen to about half their normal leA'el 

The chloride recovered from the vomitus and from the contents 
of the obstructed gastro-intestinal tiact at autopsy coiiesponds fairly 
closely to that lost from the tissues and blood of the entiie organism 
We ha\e verified this in a large number of dogs, cats and human beings 


6 Wilkie, D P D Experimental Observations on the Cause of Death m 
Acute Intestinal Obstruction, Brit M J 2 1064 (Oct 25) 1913 

7 Foster, W C , and Hausler, R W Studies of ^cutc Intestinal Obstruc- 
tion, Arch Int Med 34 697 (Nov ) 1924 

8 Gatch, W D , Trussler, H M, and Ajres, K D Causes of Death in 
Acute Intestinal Obstruction, Surg Gjnec Obst 46 332 (klarch) 1928 

9 White, J C Recherches experimentales et chniques sur le mecanisme 
de la mort dans Tocclusion intestinale aigue, Ljon chir 25 622 (Sept -Oct) 1928 

10 Wangensteen and Chunn proved that all intestinal contents, even after 
sterilization bv Berkefeld filtration, are toxic when injected intravenousb This 
IS the case regardless of w hether the material is taken from a normal dog, from 
abo\e or below a simple occlusion or from a closed loop ( ‘k Comparison of the 
Toxiciti of Normal and Obstructed Intestinal Content, \rch Surg 16 607 [Feb] 
1928) 



I( lU I L-I i: \ DLR—I ML'.m IL O/.’ S nu Cl 10 \ 


S99 


Ganililc and Mchti - a^ well as \tehlc\ and Benedict, published similar 
results 

The seeond irronp ina\ he expanded to inchide all intestiml obstruc- 
tions accompanied h% impaired blood sn;)]d% whether this impairment 
is due to strangulation mesenteric thrombosis eohulus intussusception 
or simple obstruction witli distention Tins group carries a tar more 
serious prognosis Kader in 1892 and ^lurpln and \ incent m 1911 
first showed that interference witii the intestinal blood supph (particu- 
larh on the eenous side) is a iita! factor goeernmg the seiente of 
simptoins m acute obstruction 

Mclecr and \Mnte ” found that cats with experimental e oh ulus 
ot a section ot the middle ot the small intestine 20 cm long died m 
about tw elite hours whereas with simple duision and ineersion ot the 
bowel ends at the same lee el animals sureieed from three to fiee daes 
Since the animals died rapidle eomiting in tiie group slioeemg “strangu- 
lation” ee as slight or absent Consequentle , the reduction in the chlondes 
of the blood and tissue ee'as correspondingle small The onlj procedure 
capable ot prolonging hte, short of resection ot the strangulated gut, 
was the remoeal of the strangulated gut to the outside ot the abdominal 
w'all This e\ identh prei ented the absorption ot toxins and complete!} 
altered the pictures Two animals treated in this wa} Ined three and 
fi\e dats ^OIlllted protuseh and died when the} had lost halt the 
chloride of the bod} In other words, an obstruction of the second 
t}pe was co^^erted into one ot the first 

The eiidence in faAor of death b\ absorption ot toxins in the second 
group IS o\en\ helming Practical!} all experimental and clinical 
obserAers are agreed on this Therefore, the discussion at the present 
moment concerns the first group The experimental AAork rcAiewed 
makes a fairh strong case against the importance of toxemia Arhen 
the mucosa has its normal blood siippK It a potent toxin is being 
absorbed, it is difficult to see how salt solution could sustain life in 
these cases, since it has no appreciable effect m combating the toxemia 
m the “strangulation” group 

It occurred to us that the toxemia theorA in the simple high obstruc- 
tions AAould be lendered CAen more untenable if an animal AAith such 

11 \tchle\, D W , and Benedict, E AI The Distribution of Electrohtes in 
Intcstiml Obstruction J Biol Chem 75 697 (Dec ) 1927 

12 Kader, B Ein experimenteller Beitrag zur Erage des localen lleteoris- 
mus bei Darmocclusion Deutsche Zt«chr t Chir 33 214 1S92 

13 Murpln F T and Vincent B -^n E\penmental Studi ot the Cause 
of Death m \cute Intestinal Obstruction Boston M & S J 165 6S4 (\'o\ 2) 
1911 

14 McT\cr M \ and M lute T C The Role ot the Bacillus 11 elchii in 
Icutc Intestinal Obstruction Inn Surg 89 647 ( Ma\ 1 1920 
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a condition could be kept alive ovei a consideiable period simply by 
restoring the materials lost in the vomitus through an ileostomy below 
the point of obstruction In such an event, it would be illogical to 
believe that the obstructed contents contain any impoitant absoibable 
toxin Furthermore, if no additional salt were given, it also would 
be impossible to claim that toxins m the tissues are neutralized by an 
excess of chloride ion 

EXPERIMENT 

Techmc — In order to test this, we operated on a police-dog bitch weighing 
140 kilograms, under ether anesthesia, and severed the small intestine 12 inches 
(3048 cm ) below the pylorus The two ends were mvaginated and buried 
separately in the omentum A no 20 soft rubber catheter was then inserted 
obliquely (by the Witzel method) into the distal small intestine The catheter 
was brought out through the omentum, then through a separate stab wound in 
the left rectus muscle, and firmly secured by a broad bandage of adhesive tape 
The perineum was split toward the rectum, so that the urethral orifice could be 
seen and the bladder cathetenzed 

The animal made an excellent operative recovery It was kept m a cage for 
use m the study of metabolism, so that the vomitus could be collected, and the 
animal was cathetenzed twice daily to prevent contamination of the vomitus with 
urine Later, the dog learned to void while outside the cage on a leash Formed 
stools wore caught on a wire grating, so that fecal contamination occurred only 
when the dog developed a watery diarrhea It was given all the water that it 
would drink 

Three or four times each day all the vomitus, diluted to 200 cc with water, 
was injected through the catheter into the lower unobstructed small intestine 
After three days, we added as much dextrose as the intestine would tolerate, as 
we wished to prevent a ketosis and to maintain the animal’s nutrition as well 
as possible on a completely salt-free diet Dextrose, of course, had no effect on 
the process in question, as Haden and Orr^ have shown that it does not prolong 
life in intestinal obstruction 

We were unable to keep up the animal’s caloric requirements by dextrose 
without producing a troublesome watery diarrhea , therefore, it slowly but steadily 
lost weight After two weeks, we tried adding small amounts of “Casec,” which 
is a proprietary infant food and is nearly all protein with less than 1 per cent of 
ash This was not completely digested, presumably on account of the lack of 
protein-splitting ferments in the lower bowel 

Observations — Table 1 gives the complete record of the dog’s intake and out- 
put and also its condition from day to day 

In spite of the total high obstruction, the dog remained in surprisingly 
good condition for the entire month During this period it remained 
bright and active, playing with other dogs m the laboratory and jumping 
in and out of the cage (which was 2^4 feet [30 cm ] from the floor) 
through the first fortnight During the second two weeks, the partial 
starvation weakened the dog somewhat The weight sank slowly, but 
progressnch from 14 to 10 Kg Ne\ertheless, the animal remained 
as bright and alert as at the beginning of the experiment 
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1 he chtmical cliangcs in the blood and tissues arc shown in table 2 
There was csscntialh no change in the plasma bicarbonate and non- 
protein nitrogen throughout the entire month The chloride fell slowl} 
to 410 mg 111 the blood plasma and to corrcsixmdmgl} low leads in 
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Dog lies down hut walks 









about ^hen taken out of 









cage 

27 


820 



260 

900 



2S 


825 





10 00 

Dog killed autopsy 
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Nonprotein 

After 



Skin Cl 

Muscle Cl 

Chloride 

Nitrogen CO 

Operation 


Mr 
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■Mg per Cent 

Before operation 

3S0* 

190* 

650* 


30* 56 0* 
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599 


33 

9 






533 



11 






474 


24 *■'». 2 

IS 






440 


5" G 

21 








56 0 

2S 



213 

101 

410 


33 63 2 


• Preoperative figures arc ba^^cd on averape normal value*? Chlorides are expressed as 
mllUcrams of <?odlum chloride per hundred crams of ti««?uc or rla«;ma nonprotcln nitrocen 
In milUcrams per hundred cubic centimeters of pla ma and carbon dioxide in volumes pe» 
cent of the pla‘?ma 
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the muscles and skin In untreated dogs, vomiting as much as this one 
did, a similar reduction would have taken place in from three to five 
days The slow loss of chloride, which for the month amounted to 
about 40 per cent, can be accounted for m the small daily loss of vomitus 



Postmortem specimen sho^\l^g stomach with dilated obstructed duodenum 
abo\e, a, obstructed upper segment showing complete occlusion bj inversion of 
the jejunum Below distal unobstructed segment of the upper ileum with catheter 
inserted oliliqueh through tne skin and abdominal wall b indicates the inverted 
jiroximal end of the lower collapsed segment, c, the catheter entcrostom> 

and m the diarrheal stools When these were mixed with vomitus thev 
were reinjected through the ileostomv , but when recovered pure or 
mixed with urine thev were rejected So appreciable elimination 
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occurred throuuh the unite liter the third d.u (it i" well known tint 
as the hlood ehloiide leeei 1 ills the kidnevs stop stcretnu^ silt J 

\l the end nt ,i month, the do" lithough ‘>oinewlint weak iroin the 
prolonged low int d%e of tood (it reeened on the leerige 250 calorics 
a da\ which iiiioitnted to onI\ 50 j>er cent ot the cilculated maintenance 
diet), appeared to he in good health and did not gne the impression 
of being deludrited or e\treiiieK emaciated But is we did not wish 
to subject the iiimial to imnecessiri suficrmg and felt that a month was 
sufficient to demonstrate tint hie could lie maintained b\ restoring the 
substaiiecs lost m the eoniitus it was killed b\ the administration ot 
ether on the twente -eighth dae of the obstruction Vutopse showed 
that the olntruction iiad remained complete iiid reeealed no other 
gross abiionnahties (fig) 

COM MLNT 

B\ this experiment we hue demonstrated that an animal with a 
total obstruction of the upper small intestine can be kept aliie and in 
good health as long is the loss ot digestne secretions is preiented and 
the nutrition maintained W e are not urging this as a therapeutic 
panacea, since both animals and human beings with this tipe of obstruc- 
tion do so well with injections ot plnsiologic solution ot sodium chloride 
hether the bihan pancreitic and gastroduodenal secretions contain 
other substances iitai to life besides sodium chloride is beiond the scope 
of this paper But this animal remained m much better condition with 
the restoration of its own loniitus and Ined much longer than an\ which 
we treated with injections ot salt and dextrose 

The point we wish to bring out is the absence of toxemia in this 
t)pe of obstruction The presence of absorbable toxic substances m 
the dammed'Up gastro-intestinal contents is inconceiiable when it was 
through their injection that life was presened It is equalh inconsistent 
to claim that hipothetic toxins in the bodi can be neutralized bi the 
chloride radical, when no extraneous salt was gnen and its content in 
both the blood and the tissues was considerabh reduced diinng the 
experiment 

In our experimental animals and in a large number of patients 
With this tipe of obstruction who haie been studied in the Illassachusetts 
General Hospital the same generalized dechlorination — tissues ^ 

blood I omitus — iniariabh has occurred Tables 1 and 2 show 

that this process has taken place slow h here With it tliere has been no 
corresponding rise of nonprotein nitrogen or increase in the excretion 
of nitrogen bi the kidneis which one would expect if a proteohtic 
toxin were being absorbed To reinforce our argument from another 
^iigle It mai be pointed out that in the group show mg ‘ strangulation ’ 
in which toxemia is profound there often is a normal chloride lei el in 
the blood and injections of salt solution are not ot the sligiitest use 
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in preventing the rise in nonprotein nitrogen oi in combating the 
toxemia 

Experimental evidence in the papeis cited points stiongly to dehydra- 
tion as the cause of the nitrogen retention in the simple high obstructions 
It IS most surprising that this animal did not become dehydrated, as 
during the course of the month we were unable to prevent a considerable 
loss of blood base, as well as chloride (The blood base fell from a 
normal of 160 cc of 0 1 normal base per bundled cubic centimeters 
of serum to 131 cc ) It is beyond the scope of this paper to go into 
the physiology of the acid-base equilibrium and its application to this 
case , but it is probable, on account of the gradual depletion of sodium 
and chloride, that the organism was able to compensate for the loss of 
electrolyte and to maintain the water content of its tissues in some 
unknown way 

In this connection, it is interesting to note that the dog was able 
to absorb as much as a liter (1,000 cc ) of watei a day through the 
upper 12 inches (30 48 cm) of the small intestine After the first 
week of the experiment, the dog began to adjust itself to the new condi- 
tions by vomiting less and less Thus, during the first week, it vomited 
3,180 cc , during the second, 2,335 cc , during the third, 250 cc , and 
during the fourth 380 cc 

Since this experiment was performed, we have read the paper of 
Raine and Perry They showed that when a rabbit is given a simple 
jejunal obstruction, death follows m from twenty to thirty hours As 
the rabbit is unable to vomit, all the obstructed secretion remains in 
the dilated stomach and duodenum When the obstruction is released 
just before the animal is moribund, the obstructed secretions pass down 
the intestine and are absorbed, and the animal’s condition rapidly 
improves The lemoval of the stomach contents and their replacement 
by distilled water, before the obstruction is removed, greatly retards 
recovery This experiment showed in another way that no potent toxin 
IS absorbed in simple high obstruction, and that it is the loss of the 
digestive secretions that causes death 

15 It must not be forgotten, however, that most cases of human intestinal 
obstruction are mixtures of the two types, a volvulus or an intussusception 
occludes the lumen of the intestine, as well as shuts off its blood supply Therefore, 
if these patients li\e long enough, thcj usually vomit and declilorinate to a 
certain extent Thej ma> even secrete a considerable quantity of chloride into 
the obstructed gastro-intestinal tract without -vomiting For this reason, in every 
case of intestinal obstruction salt solution should be used, although its effect m 
the second group is slight in comparison with that in the first 

26 Raine F, and Perrv, Af C Intestinal Obstruction Experimental 
Studies on Toxicitv Intra-Intestinal Pressure and Chloride Therapy, Arch Surg 
19 478 (Sept ) 1929 
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1 \ With i lonipitti hiitli jntL'>liniI oh'triiclion wt'' ktjit nli\c 
ninl in ^oixi coiniition lor n inontii I lii^ wt*; ^ccnInp!lshcd 1)\ prc\ciit- 
mg tin. m its diitcstni, ‘'Ltritioii'', iIkcc iicing nniiKdiatch reinjected 
into tlu lowti iiiinl>stnicttd hnwil 

2 It i< extremeh unlikiU tint nn\ potent toxin tormed in the 
obstructed intestine can he absorbed b\ the nutcons membrane as long 
as Its blood snppK is m untamed otherwise, lite would ha\e been 
shortened rather than pioloinred b\ the leinjection ot the obstructed 
secretions 

a 1 he theor\ that the beneficial efieet of salt solution is due to 
the neutrah7ation ot toxin b\ the chloride radical seems illogical Tins 
animal rcccncd no salt iroin outside sources and became considerabh 
decblonnated during the prolonged obstruction, owing to a small 
unaaoidablc daih loss Ihc dechlorination of the tissues corresponded 
to that ot the blood 

4 As the nonprotem nitrogen and nitrogen output m the urine 
remained normal there is no eaidcnce that tissue protein was destrojed 
b\ toxin 

5 We beheae that death in the uncomplicated high obstructions is 
due mainlj' to loss of salt and water, possiblj also to other substances, 
in the gastroduodenal secretions When inorganic electrohtes are lost 
rapidl} and are not replaced, it becomes impossible for the organism 
to retain its normal w ater content Tlus leads to fatal changes in the 
ph} siochemical equilibrium of the blood and tissues 

Note — ^While tins article was in press. Dr H Snj der and one 
of us (J C W) repeated these obsenations on a second dog This 
animal was gnen a complete obstruction at the same lei el and was 
obserA ed or^er a period of tiA o iveeks During this tune the dog received 
only its vomited digestii e secretions plus w ater and dextrose, aa hich aa e 
injected through an enterostom} in the upper end of the distal small 
intestine The animal reacted m CAeiw' AA^ay like the one m the expen- 
ment reported, remaining in excellent condition except for a similar sIoaa* 
fall in blood chlonde and body aa eight There was again no CAidence of 
toxemia or dehjdration The absence of delndration was noticed chn- 
icall} m the first dog, but in the second it AAas confirmed by laboraton 
tests as Avell Theie w^as no increase in the plasma protein nor am 
appreciable change m the erA'throcAte count or the hematocrit reading 



TUMORS OF THE ORBIT - 
ISIDORE COHN, MD 

Professor of Clinical Surgerj, Tulane Universitj' of Louisiana School of Medicine 

^E\V ORLEANS 

In this paper I report foui types of tumor of the oibit with which 
I have had personal experience (1) osteoma of the orbit, (2) epitheli- 
oma of the lids and of the bridge of the nose, (3) carcinoma of the 
lacrimal gland and (4) melanoma 

In some of these cases exenteration was lequned, and in one all the 
manifestations were relieved by removal of the primary growth 

They are included m a single report because of the following facts 
All the growths involved eithei the walls of the oibit or its contents 
In some instances the growths involved the orbital contents other than 
the globe This happened in the malignant cases which began primarilv 
as epitheliomas of the lid and the bridge of the nose or as caicinoma of 
the maxillaiy antrum In these cases the giowths began outside the 
orbit and later involved its contents 

In some instances there were manifestations of distuibance of vision 
from encroachment on the orbital contents and consequent displacement 
of the eye itself In some instances exenteration was necessary in spite 
of the fact that there was no invasion of the globe, and because radical 
lemoval of the growth would have left the eye without pioper piotective 
covering 

In one of the cases which excited a great deal of interest, the grow th 
seemed to have originated within the globe, either as a melanoma or as 
a glioma of the retina It destroyed the eye so completely that in the 
gross specimen it was difficult to identify the vaiious structuies of the 
eye 

There weie two osteomas of the orbit, on only one of which I oper- 
ated This I believe to have been a fronto-orbital osteoma 

OSTEOMA or THE ORBIT 

The two cases cited represent the onl} boii} tuinois of tlie orbit I 
ha\e had occasion to see The apparent rarit\ of the condition excited 
m\ interest, and after a search of the literature it seemed worth while 
to report them because so far as I can find there arc not more than 250 
cases recorded 

It will not be necessar’i to reMCw the literature cxteiisneh The 
first case was recorded In Vtigas in 1506 (Bedell) Andrews, in 1887, 


♦ Submitted for publication Dec 21 1929 



( n //\_/ 1 'fohs oi Ohm I 


91)7 


colli ctid rL]»orl'- oi ill tin i i^t- tint lie imild lind up to tint tune He 
repnrtid '•i\t\ wliiih hid hitu lire id\ ittoidid uid lort\ -eight tor 
"liith he louiid molds imoii" ones ot dnea'-e nt the c\e whieh 

had hem ohsir\ed ui tin \iu ^oIk Hospu il ftnin 1821 to 1887 

illnm 1 '^mith uniwid the htei iture lemn iii 18.8S In 1904 
Le Cinnge found 148 cnis Oulhirt ni 1918 lound records ot 215 
eases iroin 1748 to I'M 8 

1 he enhieet oi oi hito-ethinoid d osieoni is (a '•elected group trom 
"itlun the lir”ir group) \\ is eonsideml h\ Dr CuMiiug ot sufiicient 
import iiiie to he unde the '-uhjeet ot hn iiresuleiitial address before the 
\iuericau ^nignil \<;soci ition In this address he recorded four cases 
"Inch had come uiidei his ohser\ ition Cushuig stated that Dr A S 
^IcAIillian ot the Mass lehusetts 12\e ind Ear Infirmar\ had seen onh 
one of these lesions alter an experience ot 15 000 examinations ot 
roentgenograms ot snuises 

In renew mg the cases which ha\e been reported one finds contusion 
particularh with reference to the origin of these tumors It would 
seem worth while to classih all bone tumors lound within the orbit as 
orbital osteomas and under this general heading to baa e siibdn isions 
that would indicate their point of origin and the etiologa 

Cumston in 1920 gate a definition that should satistactonh meet 
this demand He said ‘Osteomata of the orbit are bona groaaths 
aahich reproduce all aarieties ot bone tissue taking their origin in the 
aaalls of the orbit itselt or in the neighboring caaities, such as the eth- 
moidal cells nasal fossae, antrum ot Highmore and more frequentla of 
all the frontal sinus ’ This definition permits the inclusion of exostoses 
in the term osteomas 

Virchoaa, discussing the origin of these tumors stated 

Although there is scarceh anr part of the orbit uhere these bone tumors haae 
not been found the upper and inner part howerer, are br far the most frequent 
sites It IS understandable how difficult it mar be to determine whether a tumor 
has originated pnmanh in the nasal or frontal sinuses or in the orbital caritr , 
whether it comes from the inner or outer surface of the bone, finalh whether it 
originated from the frontal or ethmoid bone or somewhere else For all these 
possibilities there is er idence in the literature w ithout it being alw ar s possible to 
determine the correctness of either opinion For a tumor which arises from the 
interior of the frontal bone can rerr well later on project into the irontal, orbital 
nasal or cranial ca^ lU 

Cushing m 1927 was prompted to sa\ 

hence mar w ell be asked does the original tumor arise and r\ hat is the 
significance of its apparent relation to a preceding injurr ' Doubtless mild irontal 
injuries mar more often than su'ipected produce a fissured fracture ot the thin 
floor of the anterior cranial fossa it not a tracture ot diastasis It is not incon- 
ceirable that some quiescent cartilaginous anhge mar hare been stimulated to bone 
productire actiritr 
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Birch-IIiischfeld, in 1906, dilTeientiated between the encapsulated 
osteoma and an exostosis The encapsulated osteoma he found had a 
tendency to glow towaid the biain These tumois aiise in accessoiy 
nasal cavities and then extend into the oibit In the exostoses theie is 
a history of tiauma, and they usualjy arise from the upper innei oibital 
walls and grow out into the oibit 

William F Smith as early as 1888 said 

There are three points or characteristics which should distinguish osteomata 
from exostoses They are (1) the origin of the tumor from one of the bony 
cavities, (2) the encapsulating membrane, and (3) the ivory hardness The 
osteoma rarely, if ever, has a traumatic origin, the exostoses nearly always havei 
history of trauma and are developed from the periosteum 


GENERAL OBSERVATIONS 

Age — Bony tumois within the orbit aie found laigely among young 
people Accoiding to Culbeit, 50 per cent occui during adolescence 
and 30 pei cent moie before the patients leach the age of 30 

Location — The tumois may be located at any point within the oibit, 
but the most common site is the uppei innei wall They may take then 
origin fiom the fiontal bone, the fiontal sinus, the ethmoid bone oi 
from peiiosteomas 

Accoiding to Gerbei, "the piopoition of tumois aiising within the 
ethmoid is as 12 to 8 to those aiising in the fiontal sinus ” In osteomas 
of the fiontal sinus the largest piopoition of the giowth is in the sinus 
and only a small pait, according to Lebensohn, piojects into the oibit 

Osteomas of the fiontal sinus peiforate the walls of the sinus and 
entei the oibital cavity, they may perforate into the cianial cavity The 
lattei IS a point of great importance and one which has been particularly 
emphasired by Cushing as an indication for a cranial approach rather 
than an intra-oibital approach 

Pei tod of Development — Osteomas aie slow growing In many 
instances several yeais elapse before they pioduce sufficient annoyance 
to cause the patient to seek relief 

The size of these growths varies In the eailier literature, there are 
iccords of cases in which the growths attained “the size of a child s 
head ” In one instance, the tumor measuied “7^ inches in circumfer- 
ence and 2)4 inches in thickness ” 

ni \GNOSIS 

Prior to the use of the roentgen ra}, the diagnosis could be made 
certain onl) at operation Because of the great service which the roent- 
gen ra\ renders cases that could not otherwise be diagnosed are now 
found, and in some instances these growths ha\e been found in the 
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course Til t\ iinimtion <>1 tin '-imi'-f' wIkii im ^uspician ot ibcir 
'-M'-tuKL Imi inm m tlu inititl m t!ic '^urm.oii 

1 licit nrc lew (Uit^jH'kui numlc'-ntutn'' IIo\\c\cr a numbet ot 
siyii'. -iiui 's\ niptoinc bm Intn K'UtuI ‘-omctimcs in association and 
'^onictimc'- iiKk'i)cndciul\ Little ]>nn i'' I'-'^ocutcd with soine of them 
'lberLma\ he ‘■c\orc luadachc which !>• iicnalh intermittent rather than 
contmnont 

Cnm^ton etnted tint there mu he a neuralgic pain which is trans- 
rmtted along the filth crinial nerec Dijilopia is sometimes present but 
has not been a comtaiii maniieMation 1 he globe ma\ be dislocated m 
aar\mg degrees L\ 0 ]ihtlnlmos ol \ar\mg degrees is the most con- 
stant mam testation It dnlocatton takes ]>Iace it is \er\ slow and, 
according to Gerber the direction of the dislocation gnes an idea of the 
location of the tumor He sa\s, “When the protrusion is exceeding!} 
outwards a tumor of the ethmoid is inferred , where the globe is directed 
upwards the maxillar\ sinus is nnoKcd while a propulsion fon^ards, 
outwards and downwards is pathognomonic for tumors of the frontal 
sinus ” 

A Msual disturbance, according to Cumston, is often related to the 
exophthalmos He further sa\s that the “displacement of the e}-e is 
necessarily accompanied bv traction on the nerve, which, combined wath 
the pressure exercised by the growth, brings about changes in the 
fundus usually phenomena of stasis , a more or less marked coloring 
of the papilla due to engorgement of the lems, arterial anemia or e'ven 
ischemia resulting from compression or the return circulation 

In this connection it is interesting to note that in spite of the indolent 
nature of the growth it has been said that removal ot the tumor some- 
times results in considerable improvement of vision 

Negative evidence is sometimes as valuable as positive eradence 
There is one negative observ'ation that has aroused the interest of 
observ^ers, particularly that of Cushing, who called attention to the 
absence of rhinologic symptoms in spite of the association of these 
growths with the paranasal sinuses 

It w ill be noted by reference to case 1 here reported that there w as 
no evidence of disturbance of the rarious sinuses 

PROGKOSIS 

These growths are histologicall} benign, but because of the effect 
produced by pressure, Lebensohn has properl}' remarked that the} are 
clinically malignant W^hen one considers the complications in patients 
"ho are not operated on, such as exophthalmos, optic neuritis, optic 
atroph} , sinus infection perforation of tlie roof of the orbit into the 
cranium with a tendenev to cerebral compression one can readih under- 
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stand the dangei of allowing these growths to remain in an iinoperated 
condition 

According to Birch-Hiischfeld’s statement in 1907, the mortality is 
as follows in those originating in the “frontal sinus without operation 
48 2 pel cent, after operation 13 6 per cent , ethmoid 80 0 per cent with- 
out opeiation, after opeiation 12 7 per cent, sphenoid without operation 
100 0 per cent, aftei opeiation 33 0 pei cent ” No further plea need be 
made for operation 

The method of approach most commonly used has been through the 
orbit by an incision such as is described in this paper Cushing advo- 
cates a cranial approach in oibito-ethmoidal osteomas He consideis 
either a nasal or an orbital loute “awkward” because “neither method 
ot approach makes allowance foi the possibility that the tumoi may have 
extended into the intracianial chamber” 

REPORT or CASES OF OSTEOMA OE THE ORBIT 

Case 1 — L R , a man, aged 35, with intra-orbital osteoma, was referred for 
consultation by Dr A R Crebbin, an ophthalmologist The following is a brief 
summary of the history as taken from the record 

The patient was admitted to the Touro Infirmary on Sept 11, 1928, complaining 
of pain over the ej'e The left eye had begun to swell five years before The 
swelling remained for three days and then subsided The patient had had no 
further trouble until two weeks before During the past five years he had had 
frequent headaches, the pain being greatest over the left eye At times nausea had 
been associated with the headaches There was no history of nasal trouble, and the 
sight had been good Dr Crebbin reported no pertinent symptoms of the eyes , 
MSion in both eyes was normal and the fundi were normal The Wassermann 
reaction was negative 

Prior to the time that I saw the patient, a roentgenogram had been taken of 
the skull Dr Henderson reported the presence of a large osteoma occup>ing 
the area from the superior boundary of the maxillary sinus up to and involving 
the frontal plate of the skull o\er the frontal sinus This likewise extended as 
far backward as almost to come in contact with the anterior boundary of the 
sphenoid, thus occupjing the major portion of that area normally occupied by 
ethmoid cells The point of attachment and origin could not be definitely deter- 
mined However, its densest portion was its lowest segment and as it approaclied 
the frontal sinus and sphenoid, it could be seen to thin down This was a fairly 
large osteoma which had manj points of contact with and origin from the sur- 
rounding structures 

On September 14, I was cilled to sec the patient and noted the following 
conditions 

The axis of the left eve as well as the palpebral fissure was ilmost 30 degrees 
above the horizontal axis of the right There was fulness at the inner canthus of 
the left eve \o pronniicnt bonv masses were noted over the maxilla There was 
a hard bonv prominence which impinged on the orbit at the inner c intluis of the 
left eve 

Dr Well was requested to examine the nose and throat He reported moderitc 
dcfiection ot the septum to the right but sufficient breathing spice The nose was 
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Fig 1 (case 1) — Appearance of orbital osteoma before ope 


It was tree occupring the nasal third of the orbit The mass ^ j 

‘ bosses” on its surface It seemed to he under the orerhanging dge of the 
and lacrimal bones The inner aspect of it and the ® attach- 

adherent to the nasal side of the orbit The onh point o \a lo nasal and 

ment, the frontal bone \\'’ith the chisel the o\ erhanging por ion portion 

lacrimal bones with the inner margin of the infra-orbita n jptach it 

ot the maxilla, were chiseled awar The chisel was ' ' j(j then be 

from the nasal portion of the frontal bone A, as ,,ell as 

inserted between the perpendicular plate of the ethmoid and the « 
at the base of the orbit , „ i t, _,a\ be 

AAith a pair ot bone bolding torceps the growti rnuch as 

noted here that the forceps bad to be taken apart and 
obstetric forceps are applied After the forceps were on it """s P , 
tbe growth without miurmg the eie or am ot the content, ol the orbit 
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was no active bleeding A pack was introduced for a few seconds until the field 
was clear When the pack was removed, it was seen that the growth had not 
imaded other structures 

There was apparently no communication between the nose and the orbit 
There was no opening into the antrum The impression that I gamed at this time 
was that the growth had increased the size of the orbit and had not invaded the 
ethmoid, but had rather displaced the perpendicular plate of the ethmoid to the 
nasal side, thus compressing or obliterating the ethmoid sinus 

A gauze pack was introduced into the cavity and petrolatum strips were applied 
over the eye Before putting the bandage on, I noted that there was no conjunc- 
tival or subconjunctival hemorrhage The two pupils ivere of the same size 



Tig 2 (case 1) — Appearance of skull after operatne removal of the orbital 
osteoma 


Tlie postoperative diagnosis was intra-orbital osteoma 

Following the operation, there was no disturbance of the e>e The patient left 
the hospital on September 30, eleven dajs after the operation 

Before he was discharged, however, a roentgenogram was taken, on which 
Dr Henderson reported as follows The area m which a large osteoma had been 
previoush observed was clear, the ethmoid cells had been destrojed on this side 
but their walls near the outer margins were intact Apparenth all of the tumor 
had been removed, and the residual structures were considered to be normal 

On Dec 1, 1929, the patient had perfect movement of the eje There had been 
no evidence of an epiphora and no disturbance that would indicate injurv to tiic 
orbital contents 
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only attachment being to the under surface of the frontal bone 5 The 
entire tumor was within the orbit and not within aii}^ of the sinuses 
This last fact is of importance because the majoiity of so-called exos- 
toses have been associated with a histor}’^ of an injury and the osteomas 
which have sprung from the various sinuses are found to extend from 
the sinus into the orbit 6 When one considers the gieat size of this 
uony tumor sui prise must be felt that it did not cause some disturbance 
of vision, particulaily diplopia 7 The approach through the orbit and 



the displacement of its contents laterally permitted a comparatively eas\ 
lemoval of the entire growth 8 The cavit} from which the growth 
was removed w'as packed because it was feared that possibly an infec- 
tion of the orbit might take place from the nose, as it was not unlikely 
that some of the ethmoid cells might have been opened 

Since the operation the patient has liad no limitation of motion of 
the e\e in an} direction, indicating that there had been no disturbance 
of the muscles within the orbit 

A second case of orbital osteoma springing from the wing of tic 
sphenoid has been obser\ed The location of the tumor has not been 
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Fig 6 (case 2) — Orbital osteoma 


inch more than the right There m as a more or ess irr „ 

cornea with degeneratne changes in the upper third ot the 
Sin enlarged and protruded (buphthalmos) though the cornea 

Ibn' showed little or no increase The lower hd did not show an 

adhp"^™^ upper lid w as retracted bach into the orbit ' some 

‘'"s was ^ of the outer quarter with the inner ,,hich 

.. niass co\ered \Mth conjunctna about the size ot a rnmtd 

The compressed and mored somewhat as the eie or °"cr „nng;- 

portin'*"^ brawns as was the conjunctna i 

P°«'on of the escball This was trom expos ire to the am earned bs the tixed 
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upper licl llic anteiioi cliambcr ^\as fairly deep as a result of the conical shape 
of the cornea The pupil was centrally placed and reacted well m accommodation 
to light So far no view of the fundus had been obtained 

On April 17, 1928, a roentgenogram was taken, on whicli Dr Henderson 
reported as follows On the left side there was a dense clouding of the osseous 
tissue whicli did not, howcvci, involve the antrum on that side, the walls of a 
somewhat nodular tumor were very well outlined involving the orbit The struc- 
tural changes seen were considered to have been produced by a benign tumor of 
the osteoma tjpe, rather than a malignant growth 

Dr Weil found no evidence of involvement of the sinuses 
On examination, April 19, I observed a mild proptosis of the left eye, with 
recession of the iippci hd, particularly the outer half, and a bulging of the 
palpebral conjuncliva Examination of the icst of the eye had alieidy been made 
Retraction of the mandible was apparently greater on the left than on the right 
side There was no evidence of facial paralysis The lower central incisors were 
at least half an inch posterior to the uppei incisors The patient was able to 
separate his teeth, which were markedly irregular The soft tissue about both 
cheeks was not infiltiatcd There was no pain or fulness over cither zygoma or 
temporal fossa When the patient opened his mouth, contraction of the depres- 
sors of the jaw could be seen There was no apparent movement of the temporo- 
mandibular articulation The diagnosis was ankylosis of the left temporomandib- 
ular articulation and osteoma of the orbit 

Rocntgcnogiams of both temporomandibular joints were suggested to determine 
whether the ankylosis was unilateral oi bilateral Opciation was advised 

On April 19, a locntgcnogiam was taken On the right side the temporo- 
mandibulai articulation was identifiable, although there was some atrophy in the 
ramus of the mandible On the left side the tcmporomandiDular articulation was 
completely wiped out and there appeared to be a well defined union 

From the clinical examination and the roentgen observations it was concluded 
that the child had an intra-orbital osteoma and an ankylosis of the temporonnn- 
dibulai articulation 

The parents refused to consent to operative removal of the osteoma They 
were anxious to have plastic operations on the lids for the protection of the 
cornea These operations were done, but as they arc not pertinent to the subject 
no further reference will be made to them 

EPiTiinrioMA 01 Tiin i.id (squamous cull tv pi:) 

'] he cases of epithelioma of the hd tindci discussion aie tliose which 
required eventual exenteiation 

'J here is no need to levicw the htei attire, as this has been done 
many times A jiarticulaily valuable levicw can be found in the ‘ Ameri- 
can Enevclopcdia of Ophthalmology ” 

All forms of treatment have been used and advised in the handling 
of these cases Those patients whom I have observed had had a lesion 
for a long time All had been subjected to various forms of treatment, 
including irradiation with the roentgen ray and radium 

Certain obscrtations haie been made m all my cases, and my expcri- 
icncc docs not seem to dilTcr from that recorded in the literature These 
growths art slow in detelopinent and recur frequenth, and unless 



< I 'fi/vs f 1/ ()/v/-;/ 


<>ir 


I I ' 


‘T'lu d p iiiK <i ihf \ < Nit ii'i inti) tin <ir!)U \MthcM!t alicct- 

iho plidu Mti i--t ,(> ,ii» ^liuiUoiiln iKi-k I I Ul nn!!iic't'>- 
I In \ m n !inl nittn du timii tlu Ikuu puti- oi tht oibr, 
i^niaiitrh tlK viip. 1 ...tut ■! pi u. Win ii tlii'- (ucni s tht trontal loiit 
nut h' n.hu l.iti nu 1 tM iMi- In tin hrim ntturs \l timcb 

jv IK,..,,,,] ut tin ttiiiin'Kl iini nitulttiinm nt the ttiiiiioidai emus 
liitii is tniisi(](i ip], (liii<t<i)i( oi opuimu mtli rtitrciicc to tiie 
^'tei utLihiui . 1 ) (tiiiiiit lot tin SI t ivi , Dtsucitioii IS preferred b} 

Ciirk ami WiMh In l‘M \ Link sud ‘ \ittt txcision ot epitheliomas 

01 tin. niitiii III. in utti in.w iln>inui:hi\ tlie work tpptars to hate been 
done tlicre is -i jitrttimut oi itcuirtiict In sutii eases it excision is 
priclictci 1 S(^coik 1 or tliirtl nptntion results in c\posiirt ot the eteball 
notwiihst.nuiintt tlie liest jil tsin. work 'J ins is not true of desiccation ” 
He stateti turtiter ‘tIuU opriijli 7 c wof/(;\ ts eftnuut if pcifonncd 
radically but ffu co<:tnilti 1 1 \ult7 Inn i much to be desired Secondarj 
plastic operations oKtn nnprore this condition but more often fad 
The best art^uinent against optratnc surtttrt in tiie treatment of these 
lesions ts the fact that cases arc hcing continualli referred for otlter 
treatment b\ the highest exponents ot the art ot ophthalmic and general 


surgeie ’ 

I hare used surgical excision, with immediate plastic repair, and 
endotherm)' or surgical excision \\ itliout immediate repair Radium has 
^>een used as a routine in the after-care All measures have been 
disappointing 

One of the cases (case 5) may be cited to illustrate the method of 
treatment and the end-results The patient, a man, aged 65, first came 
under obsen.^ation in 1923 He was subjected to sereral operations orer 
a penod of four years in an eftort to effect cure wuthout exenteration 
This case presented an opportunity to w'atch the results of wade 
■excision and plastic surgery, both of which were of no avail A recur- 
rence finally necessitated exenteration 

It might be well to digress a little to discuss this experience m 
detail The grow^th involved the major portion of the lower lid, the 
external canthus and a small portion of the upper lid After wide 
excision of the growth, the defect to be dosed w^as great In an attempt 
at repair it was necessari to observe those fundamental principles of 
plastic surgery so well outlined by Gillies, Blair Dai is and others par- 
ticularly to replace not only skjn but supporting structures, such as 
the tarsal cartilage, and to avoid the embarrassment of hanng hair- 
hearing skm as part of the transplanted skin 

In m\ effort to replace the lower lid, a pedunculated graft was 
taken from the temporal region and a piece of cartilage was taken from 
the ear In this instance skin was used to replace the palpebral con- 
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junctiva We used this in spite of the fact that Gillies in his monograph 
stated that he had used it only when an artificial eye had been implanted 
The skin did not act as an irritant to the eye 

In Buedingei’s opeiation skin is also used to replace the palpebial 
conjunctiva R E Wiight described the opeiation as follows 

Briefly it consists in removal of the lower lid and its conjunctiva by two 
incisions starting at the canthi and meeting on the cheek below The triangular 
skin defect thus produced is made good by carrying a horizontal incision from 
the outer canthus for a distance somewhat parallel to the other side of the 
triangle The flap thus defined is dissected up with its superior side in the posi- 
tion originally occupied by the free edge of the lower lid Before anchoring it, 
however, the tarsus and conjunctiva are replaced bj" a composite flap from the back 
of the ear This consists of semilunar pieces of skin and cartilage, still attached 
to each other, and having a common straight edge somewhat sliorter than the 
edge of the cheek flap The skin is approximately three quarters of a circle, the 
cartilage one quarter This flap is applied to tne deep surface of the skin flap from 
the cheek, straight edge to stiaight edge, the surface epithelium of the ear skin 
towards the globe It is held in this position by two or three double-armed 
sutures which are passed from behind forward a short distance below the free 
edge, and tied externally on beads The triangular bare area on the cheek is 
filled in by a graft as soon as possible 

Caitilage from the ear forms an ideal replacement for a lost taisus 
This IS not the place to discuss the relative value of any two operative 
procedures, nor is it my desire to do so It can be said, however, foi 
the procedure used m this paiticular case that the lid formed by the 
plastic opeiation served its purpose for a period of about fotii years 
In the inteiim, however, the patient developed recuirences that neces- 
sitated operative piocedures for the removal of the new growths 

In spite of all efforts it was necessaiy to exenterate the orbit in 
Apiil, 1927, as tlie growth had by this time caused so much exposuie 
of the conjunctiva that the patient was showing evidence of infection 
and ulceration of the cornea 

It should be stated that the lid made by the plastic operation, during 
the time that it remained, was sufficiently under the control of the 
patient so that the cornea was almost completely covered when he 
attempted to close the ej'e 

CnXERAL OPSERVATIOX'S 

Recurrences in epitheliomas of the lid appear in or near the site of 
the previous lesion in spite of wide excision and plastic surgery These 
recurrences necessitate operative procedures which eventually expose the 
conjunctiv'a and cornea to such an extent that irritation and infection 
incvitablv follow hen this happens, there is no alternative, the orbit 
must be exenterated Enucleation is not sufficient, as the disease often 
has extended into the tissue about the eve, even though no disturlnncc 
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ot M'-ion J iiiv true It the ejroutli has us origin on 

tlie nosL iKar tin iniur tamhii'- ]Z\ti.n»ion ot the grouth into the orbit 
!•' the rule, in this giou]) 

-\t tiiiK'- exentei Uion ^eenis unnccc“'Sanl\ raiheal because the patient 
lia^ an eee tint n melul \et nhen the orbit is iinadcd surgicalh 
gianuloiuatous luas'-cs are lound uhich in some instances ha\e alread} 
nuaded the ethmoid antrum and even the cranial caeite 

In the atter-eare nt the-e ea'-es radium has been used as a routine 
It IS surpri-mg how quicKh the large detects produced be the 
exenteration become tilled and arc coeered be apparent normal 
epithelium T he duration nt lite alter exenteration is siirpnsingl} long 
in some nistanecs irom three to lour eears 

A briet summare of the three ca^cs ot squamous cell epitheliomas 
m eehich exenteration eeas ncccssare is appended 

REPOKT or cesrs or soreeiocs cell EPiTiiELioeix 

CesE 3 — Mrs L P D aged 60 seen in September, 1921 had first noticed 
a mole on the nose in 1912 Tlie mass increased in size and extended to the e^e- 
hds Radium was used b\ the piwsician in attendance In September, 1921, an 
irregular ulcer was found on the bridge of the nose The lids were edematous 
The conjunctna was injected and a growth extended oeer the upper portion ot 
the cornea The preauncular and digastric glands were palpabh enlarged The 
patient was reterred to me b% Dr C Jeff Miller and Dr H \' Blum, an 
ophthalmologist ^n cxeneration was done on Sept 9, 1921 and a radium pack was 
introduced The pathologist reported “squamous cell carcinoma 

On April 17, 1922, the patient presented herselt again as she had a recurrence 
The tumor was excised with a cauteri, and radium was applied During 1922 
she had a second recurrence for which a second cauterization was done, followed 
b\ high ^oltage roentgen therap^ Pain was conspicuoush absent The antrum 
became imohed 

The patient sunned at least one rear longer She Ined about 100 miles from 
Xew Orleans and no autops^ could be obtained 

C\SE 4 — T M a man, aged 64 was seen on ilai 28, 1929 with a diagnosis ot 
epithelioma of the nose and lids, hipertension and arteriosclerosis About eight 
months before the patient had noticed a small pimple on his nose which he squeezed 
Later an ulcer on the surtace was noticed The growth gradualh enlarged There 
had been no disturbance of nsion Examination at that time showed an ulceratne 
area on the bridge of the nose The growth extended down to the inner canthus 
The edges of the ulcer were ele\ated and there was induration of the surrounding 
skin A, report from Dr M eil, otolan ngologist w as to the effect that there w as 
no eMdence of a pathologic condition within the nose A roentgenogram was 
negatne for bone changes in or about the na^al structures 

A preliminary operation was done under local anesthesia The area to be 
excised was circumscribed be minute punctures with the d Amsomal current The 
incision resembled a three leat cloier the middle leai corre-ponding to the inter- 
orbital portion of the forehead and the lateral leayes extending doy\n on the leit 
side to the inner third of the upper and loner lids tlirough their entire th!ckne== 
and on the right side to the inner canthu- The base line sn,ept o\er the no'C 
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Fig 7 (case 3) — Section of squamous cell carcinoma removed from the hd 



Fig 8 (case 3) —High power new oi squamous cell carcinomi 
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just iboiit Inh -in inch irom the tip ot the nose it the louer limit ot the cartilage 
\\ hen skin ^\as reflected from the right to the leit fiart of the base ot the growth 
which co^crcd and nnohtd the nasal bone did not come awa^ with the growth 

■ktter entire renioial of the flap, care was taken that the nasal bones were 
co\ered b\ a granulomatous mass and then the question arose whether to attempt 
to renioie the nasal bones entireU and exenterate the orbit It seemed to me that 
remoial of the nasal bone would lea\c too much risk ot immediate intection, 
possibh memngitis I used the current tor the purpose of destroimg all ot the 
growth that I could see, after which 50 mg ot radium m copper was laid directh 
on the iiiaiii portion ot the nasal bone The eees were protected b^ a lead screen 
and 2 inches ot gauze 

Follow ing the operation, the radium pack was lelt in situ The pathologic 
dngiiosis was squamous cell carcinoma (Lanfordl 



Fig 9 (case 4) — Low power eiew of squamous cell carcinoma iniohing the 
nose and eielids 


The patient was discharged from the hospital on Tune 12 He was readmitted 
on Tune 29 ■kt that time a large ulcerated area was obsened o\er tlie lorehead 
and the root ot the nose, extending Irom about 1 inch aboie the le\el oi the supra- 
orbital ridge down to and coiering the bridge of the nose It was about 2 inches 
long and 1 inch wide The ulcer imohed the inner canthus of the lelt eie and 
extended to about one-hall inch from the inner canthus ot the right e\e It was 
coiered bi a graiish exudate kt the junction ot the root ot the no-e and the 
frontal bone there was an area about three-fourths inch in diameter m which the 
bon\ tissue was exposed The ulcer extended to the border ot the lett orbit The 
conjnnctna ol the lelt eie was pulkd down and awa\ irom the eicball b\ the 
contraction ol the scar tissue The conjunctin oi this e%c appeared red and wa~ 
mflanii-d there was a free flow ot tears as a re-ult oi irritation of the conjunctna 
\bout 1 cm lateral to the marcin ot the ulcer on the Icit side there was a sni ill 
mas-, situated beneath the conjunctiea Tins sueue-ted a distorted caruncle 
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Because of the contraction of the scar tissue from the healing ulcer the normal 
anatomic arrangement was clestrojed The upper hcl on the left was edematous 
and inflamed 

There was a small elevated area on the skin about 1 cm m diameter situated 
just to the right of the lower end of the nose This appeared to be another 
epithelioma 

Because apparently all of the growth had not been removed, the patient and 
ms family were advised that it would probablv be to his best interest to hav^e the 
orbit exenterated m spite of the fact that it'would be necessary in so doing to 
destroy a useful eje Accordingly an exenteration was done on July 8 Examina- 
tion of specimen by the pathologist revealed the fact that the eye itself showed no 
evidence of neoplasm 



Fig 10 (case 4) — High power magnification of squamous cell carcinoma 


In these two cases it will be noted that (1) the growth first noticed 
w'as a small mass on the nose, (2) the mass later ulcerated and involved 
the structures of the hd about the inner canthiis and in neither case 
w^as there any disturbance of v'lsion, (3) at operation the orbital struc- 
tures, other than the ev'e itself, w'ere involved, (4) both the patients 
were conspiciioush free from pain 

CvsE 5 — A. D, a man, aged 65, first noticed a small growth of the outer 
canthus five or six vears before he came under observation His chief complaint 
was that it was causing a deformitv of the lower hd \ mass was found on the 
lower lid at the external canthus The mass was elevated and consisted of hard 
ulcer on the suriace The growth bad invaded the upper hd at the angle and it 
involved a greater portion oi the lower lid Fhcrc was an ectropion deformitj of 
the lower Iid and a thickening of the palperbral conjunctiva 
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The hrst opcrit on WTs clone oil Tunc 1 1923 undi,r locnl anesthesia It consisted 
in excision ot a portion ot the tipper hd and the entire lower lid \ pedunculated 
flap was taken Irom the temporal region and a small piece ot cartilage was taken 
from the helix ot the ear This was implanted in that portion ot the gratt which 
was to be used to replace the lower lid A. tubular gratt was made out of the 
major portion ot it and the palpebral conjunctica was thus replaced b\ skin The 
tarsal cartilage was replaced b\ cartilage trom the ear 

The pathologic diagnosis was squamous cell carcinoma 

A number ot subsequent operations had to be done in order to complete the 
plastic repair ot the external canthus and to overcome the ectropion detormitj 
which developed Alter a time the patient had sufficient control over tlie lid to 












Fig 11 (case 5) — Low power view ot squamous cell carcinoma removed irom 
the lower hd and part ot the upper hd 


cover the eveball almost completelv when he attempted to close tlie eve Recur- 
rences developed one and one-half vears later and from time to time it was 
necessarv to excise recurring growths, until finallv four vears later it was 
necessarv to do an exenteration 

During the w hole time the patient s general condition remained excellent and 
he did not complain ot pain Glands m the digastric triangle did not become 
involved The patient survived the operation bv more tlian one vear The cau-e 
01 death assigned was chronic mvocarditis and chronic nephritis 

1 Squamous cell carcinomas ot the hd mav appear at anv portion 
ot the lids 2 Thev are slow growing tumors 3 Thev recur ire- 
qucntlv metastasirc slovvh and tvcntuallv invade tiic orbit 4 \fter 
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surgical excision, plastic suigery may save the eye for several years 

5 Eventual exenteration is as a rule necessaiy because of recurrences 

6 Whether radium, the roentgen ray or endothermy is better than 
surgery, alone or in combination, piobably is hard to determine because 
the moi e radical the measure, the better will be the end-results 7 Dis- 
turbance of vision IS the exception, lesulting m my experience only 
after there had been an exposure of the cornea 8 Suigical intervention 
alone oi surgical measures combined with endothermy, high voltage 
roentgen therapy oi radium has not resulted in a permanent cure in a 
single case m my expeiience Early treatment should give better results 



Fig 12 (case 5) — High power magnification of squamous cell carcinoma 


CARCINOMA or THE LACRIMAL GLAND 

One of my cases belongs in this group The clinical observations 
ina} be summarized as follows 

C\sr 6 — Mrs B, aged 45, complained of pain in the orbit of three 3 'eirs 
duration The se\erit\ of the pain was progressive, there was loss of \ision 
progressne exophthalmos and ptosis At no time could an ulcerating lesion be 
found The sinuses were normal The Wassermann reactions of the blood and 
spinal fluid were negatue Several doses of arsphenamine did not benefit the 
patient, and she was referred for operation bj Dr H N Blum 

Exenteration revealed tlie fact that the globe was not affected, but there was a 
large soft mass above and posterior to the eve The supra-orbital plate had been 
eroded bv the grovvtii TIic frontal lobe could be seen in the orbit 
Radium and a pack were introduced into the cavitv 
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The pnthologi';t returned n report of epithelioma irom i section examined 
imracdiateh , and later stated that the tumor \\ as a carcinoma ot the lacrimal gland 
(figs 13 and 14) 

The patient Ined nearU four xears During the last lew months ot her lite 
there was eiidence of recurrence the new growth apparenth being located m the 
brain, as the patient had Molent headaches, with projectile aomiting lollowed b-s 
sxTnptorns of meningitis and death 

This histon and course are characteristic of carcinoma ot the lacrimal gland 

According to the literature, carcinomas of the orbit rareh it eter 
occur as a primar} growth except as an extension from a lacrimal gland 
Secondarx tumors as illustrated b\ the pret lous group mat int oh e the 



Fig 13 (case 6) — Section ot carcinoma ot the lacrimal gland seen in the low 
power field 

orbit m connection with new growths ot the conjunctita or other tissues 
ot the lid These extend inward and mat fill the whole orbit The 
prognosis is alttats grate and the treatment, especiallt m carcinoma 
secondart to that ot the lacrimal gland is essentiallt surgical — exentera- 
tion ot the orbital contents 

tItLICXtXT TCtlOR or THE ORBIT tSSOCI tTED WITH tIET \ST tSES 
tIELtXOtIt OF THE OBRIT 

The case ot melanoma ot the orbit here reported was sfiking in its 
clinical aspect and proted to be ot eten greater interest irom an anatomic 
and histopathologic standpoint 
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Casi 7 — A, a man, aged 73, admitted on June 11, 1928, to tlie scr\ice of Dr 
Blum, ophthalmologist, was lefcrred foi consultation with the following historj 
the patient was struck on the left cie bj' a bolt about ten \ears ago Two \ears ago 
a grow'th began m the upper hd and this steadily increased in size At tunes the 
growth w'as painful He had lost 30 pounds (13 6 Kg ) during the past three months 

On examination, I found a mass occup 3 mg the left orbit and part of the left 
cheek, it extended one-half inch anterior to the nose The upper lid was stretched 
and entirely covered the bulb The low'er lid had been stretched bj' a mass from 
behind so as to expose the palpebral conjiinctna completely The veins were much 
distended The lids were almost purple There w'as no ulceration of either hd 
Near the inner canthus w'as a sinus which I took to be the lower canaliculus The 
mass that occupied the orbit w'as fixed to the underlying structures but not to the 
skin. It W'as not painful to the touch The cervical glands were not enlarged 



Tig 14 (case 6) — High power magnification of carcinoma of the lacrimal gland 


Stereoscopic pictures did not show ciidencc of increased \asculari/ation of the 
skull Exenteration Was advised 

'Ihe roentgenologic report was that there was no evidence of bonj tumor to 
be observed about the eve, and from the roentgcnographic standpoint no other 
evidence could be observed than a large soft tissue mass occupjing the orbital 
region (fig 16) 

Dr Heninger of the medical service reported In pertcnsion, heart disease, 
arthritis and arteriosclerosis associated with chronic nephritis 

Dr Rosen reported that the aiiriciil ir rate was 72, the v'eiitricular, 72, the 
aiirictilov cntricular interval, 016 second, and the Q-S interval, 007 second riicri. 
was biiiiis rhv thill No electrocardiographic evidence of nivocardial disease was 
apparent 

Operation was performed on Tune 1, 1928 The tumor was circuniscnbcd The 
skin over the frontal hone above the supra-orbital ridge was retracted, as was the 
cheek below the infra-orbital ridge \s soon as this had been done I was able 






F'g" 15 (case 7) — Appearance ot patient with melanoma of the orbit 



Fig 16 (ca=e 7) — Rocntginognm ot the skull show me mtHnnnn oi the o'b t 
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to cut some of the muscular attachments which allowed mobilization of the orbital 
tumor 

At this stage I realized that it was necessary to section the malar portion of 
the orbit, and this was done with a ronguer About an inch of the external orbital 
rim was removed The orbital tumor was mobilized, and the optic nerve and 
ophthalmic artery W'ere sectioned The tumor was removed, and a pack w'as intro- 
duced into the depths At this stage, I saw' that the orbital plate had been eroded 
and a portion of the frontal lobe of the brain could be seen m the upper portion ot 
the wound 

The ophthalmic artery was ligated, the other vessels in the w'ound were trans- 
fixed An iodoform gauze pack soaked in compound tincture of benzoin was 
introduced into the depths and three dermal sutures w'ere used to make certain 
that the pack would remain in situ (fig 17) 
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Fig 17 — Tumor remoied from the orbit in case 7 


Dr Lanford reported that the specimen was a conical-shaped mass of tissue the 
base ot whicli measured about 6 cm m diameter and the mass about 9 cm in 
height 1 he base presented a wide open palpebral fissure of both lids and a small 
amount of loose skin o\er the superior hd The hd margins presented a few black 
cilia The upper half of the palpebral opening was occupied b^ a spherical mass 
about 2 5 cm in diameter the siiriacc of w'hich was coiered by a pale gray 
wrinkled coat lung below and protruding farther than the upper mass was 
another spherical bode ncarli twice the diameter of the superior one and covered 
b\ a moist, pale vcllow membrane probablj the stretched lining fold of tlic con- 
)iineti\a sac The side-' of the mass presented a slightlj regular appearance, being 
m general pink and covered with small shreds of briglit red tissue Toward the 
apex Stumps ot the blooel vessels and nerves were encountered In consistcncv 
tiic mass wa-- geiierallv firm though somewhit loo'c The diagnosis was glioma 
O! the optic nerve nnnniet I'ta-izmg ffigs 18 and 19) 
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The patient left the hospital on June 18, 1928 He was kept under observation 
m his home town He died during June, 1929 

During the last few months of his illness the patient de\ eloped a number of 
growths on the thoracic wall and on the back (fig 20) I was fortunate enough to 
obtain one of the tumors which had developed on the thoracic wall at a partial post- 
mortem examination done by the physician in attendance at the time of death This 
specimen was submitted to Dr Lanford, nathologist, who reported as follows 



Tig 20 (case 7) — ‘\ppcarance of patient a few dass before death, showing 
metastatic growths on the chest wall 


Ex nnniatioii ot the nodule from the patients chest showed it be made up almost 
tiUircK of neoplastic cells of rather poUgonal sb ipe which m areas were held 
ti'githcr b\ a stroma the origin of which it w is not possible to determine These 
cells were not defimteh differentiating into the iisii il t^pc of tissue such as i 
carcinoma or sTreoma and had the histologic suggestions of mtl iiiobl ists hut it 
was impossible to determine the lorm ition oi r'"naeiit, except that occasioiialK i 
uw line brownish gr mules were lound Dr Laniord w is inclined to loeik on the 
new growth as a melanoma (lig 21 i 
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The Intel Cbt in tlii"- ea^e was great prior to the de\eIopment of the 
sccondar} grouth'- the abt>oetatton ot \\lnch %\ith the pnmar\ gro\\th 
Dr I^ntord donhted onginalh 

\\ hen I reccned the original report ot glioma of the optic nene, I 
^\as inimediateh interested in nncatigating the frequence of gliomas 
nnohing the orbital contents The more I ineestigated the literature, 
the greater were m\ doubts ot the ghomatous nature of the tumor 
In 1912 Cnrt Adams reeiewed the cases ot glioma ot the retina that 
had been seen in \ on Michel s clinic in Berlin during tw ent\ e ears He 
found that there had been one glioma ot the retina tor eeeri 5 832 



Fig 21 (case 7) — Section ot nodule from the chest indicatne of melanoma 


patients Caspar reported finding onli three gliomas in 40,000 patients 
tvith mvohement of the Paul Berresford of London reported in 

1916 the experience ot the Rojal London Ophthalmic Hospital during 
the past twenti-four lears He tound one glioma of the retina m 
96,144 cases 

From these statistics I was impressed with the extreme ranti of 
glioma ot the retina 

Curt Adams’ report trom \on Michels clinic stated that all the 
patients were less than 12 lears old 94 per cent were under 4 3 ears 
Berresford noted that 41 per cent ot the cases occurred during the first 
a ear of lite Xone ot the patients was more than 6 \ears of age 
Ewing stated that glioma ot the retina appears almost exchisneh in 
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infants, 94 pci cent wcie nndci 4 ^cals of atjc In tlic “Jaic}cIopedia 
of Ophthalmolog} it is slated that no tine case has been lound after 
the sixteenth yeai 4 hese st.itcments ,iie hound to leflcet some dotiht 
on the diagnosis of glioma in oui e.ise 

In legard to the chaiacteiisties of gliomas of the ojitie neice, I found 
the following statements m the hteialuie ^^hlch seem to me ot ^alne 
to one attempting to aiii\e at i difteiential diagnosis 'I he c|nestion 
mav be asked Does the tnmoi deseiihed meet the following icc|uire- 
mentb wdneh w'eie set up h\ Aaiions anthoiities with lefcienee to glioma 
of the optic nei\e? 

In the ‘'Enc}clopedia of Ophthalmologc the following statement is 
made 

Gliomas of the letiin (neiiroepitliclonn [riesncr]) are neitr pitriiiLiiIeci Tiie 
mass IS composed of small cells m a soft basement substance The cells consist ol 
nuclei surrounded bv protoplasm in which minute processes arc often found 
Some ate f/lta cells olltcis me gmtghoti CtlR It n n (/iiktcc of c liildliood 

Ewing, in his hook on ‘‘Neoplastic Diseases,” said, 

Characteristic clinical bchaMoi and peculiar structure render ithonia retinae 
one of the most striking examples of a specific tumor process 

The tumors grow' expaiisiveh lilelaslascs me late ot abuiil, but recurrence is 
common, and sccondari' growths appear in brain, skull, spinal cord, regional hmph 
nodes, and internal oigans 

The essentially ghomatous character of these tumors appears m the presence of 
\cr> many w'cll formed neuroglia fibrils, which with specific stains are nearh 
aUvavs demonstrable and often form a aen prominent structural feature 

Accoidmg to Di James Ew'ing, w'ho examined tins tiimoi, theie 
weie no cells that he could considci glial cells 

Glioma lecurs, but metastases aie late oi absent The patient in 
question did not have a lecuncncc but did develop metastases The 
secondaiy giow'ths w'Cie classified as melanomas b}' Lanfoid 

Because of the existing doubt, Di Haiold Cumniins, a piofessoi 
m the department of anatomy of Tulane Universitj, was asked to 
examine the tumor w'lth a Anew to determining, if possible, the embiy- 
ologic origin of the giowth He repoited that he found heavy pigmented 
cells within the eye wdiich he took to be er'idence of melanoma aiising 
from choroid pigment cells 

Fuither investigation of the hteiatuie then levealed the follownng 
important facts w'lth icference to oibital melanomas Oibital melanomas 
are found m the conjunctiva, ms, choioid, sheath of the optic nerve and 
surrounding tissue These growths aie slow in then development 
I'listologically they mai or mav not contain pigment The cells, accoid- 
mg to Ew'ing, ma}' be spindle shaped, lound oi pohhedial, appearing 
diffusely or in alveoli 
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In \u\\ <>i ilu til jn^nunud (.in'- in tin ininor which 

<ti\nu«i in i mill 7(1 \i n-- «it lui nid Intel tlu (Iieclnjuncnt nl i 
iinmlKr oi tiininr iiii^'-i'- nii tin '•nil in oi tin hixh wliitli hi'-tolo^mlh 
prt^iiilt'l i\i<i(im ni j)iL.in( iit-ln irinit nil'' it ‘-miufl <li‘'inhlo lor I^r 
I-nno'ul t<i u\u\\ ilu nnxniil ttmwtii md to ••nliinit this spniincii to 
• idur }' 'tliolii^nn mr t n nniii ition i)r l^nniord iltei '-tiuhimj the 



original growth in the light of the inetastases, concluded with Drs 
Ewing and Cummins, that the primarr growth was a melanoma 

Dr Lanford reported that he had renewed the slides from the ere 
and had studied sections from other areas, and while his first inter- 
pretation of the pigment was that it w'as from the sclera, subsequent 
erents had conrinced him that it was the product of a growing tumor 
cell He theretore beheied that we were dealing with a melanoma 
probablv in addition to a glioma 
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A specimen of the oiiginal tumoi was submitter] to Di lames E\Mng, 
who examined it and icported that it was Ins opinion tint the tumor 
Avas a “ver} ccllulai activel) gi owing mcl.inoma It contains ccr} little 
pigment, but the stiucture is t\pic.il In the orbit, it is safe to assume 
that it aiose fiom the choioicl” In a subsequent communication he 
said, “I am quite unable to find an} tiace of glial tissue” ffigs 22 


■S' 



Fig 23 — Melanoma (Ewing) in case 7 

This simplifies the entire problem, because it permits the accei^tance 
of the secondary growths as metastases The reporting of two unusual 
types of growths in the same person, particularly since the secondary 
growths appeared so soon after the removal of the original grow'th, 
wmuld have been difficult to defend 


1522 Aline Street 
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1 In iciin ti nimitu jnn ^!ln>lt])luUl■^ * nu\ In brimlK U'-cd tn dt'-ii;- 
mtv tin unrimi <>! m nun tin. I)nin <n cnni d ci\U\ tnllowin^ i 
irictnrc oi tin '•kiill 1 In^- nr im\ j>i<»dnn i j)in.lvLt in tin ^nU'-tmcc 
nt tin limn it^ili nmijn tin M.nti tntl ir rh nnliLr-' oi ll■•^ trccjntiuK 
di'-inr-i ii-ill ilnii^’ tin '.nlnlurnl ‘■pitc'' In the '4 re it inijonU of 
r tin trntnti ot tin ^Knll itnnKi'' one ol tin icee''-nr% in'.!] sinuses 
nio^t oiKii tin troiml Ct'I'- hont\tr line Incn rcjioited in nhich 
tin Inn 01 irntnre did not eniniminmte diiectK with in nir-containing 
''lint'' 1 In ipix-irnm oi inntiinoLcplnhi'' ina\ he innncdnte or remote 
Jt In'' Inen known to deNcIoj) within a tew hours itter the accident, on 
the other Inncl nisi lines ln\e been reported in which it apjieared trom 
ten tn ‘:e\enteen months lollowni'^ an mjnr_\ to the head Wheneeer 
this condilion is suspected elmicilh — .n should alwaes be the case m 
the presence ot cerehras]nnal rhmorrhea — roentgenograms should be 
made at once 'J he disclosure 01 a collection ot air within the brain 
substance or the cerebral \cntricles will gne an immediate and graphic 
pictuie ol the contingenci to be met 

For imn\ a cars it had been known that occasionalh following an 
mjur\ to the head with a Iracture ot the skull imohing a sinus air 
might pass through the outer wall of such a sinus tinder the subaponeu- 
lotic lajer ot the scalp, in which eeent an aerogenous tumor or tumors 
might form ernlier - m 1873, reported such a condition This 
extracranial form of piieumocranuim more frequent!} follows a frac- 
ture in the mastoid region than one in the frontal sinus Such accumu- 
lations of air under the scalp, lioweeer, must be exceedingh rare I 

* Submitted for publication, Not 12, 1929 

1 Mam terms hat e been used to describe this condition, 1 e , aerocele, pneu- 
mocele, pneumatocele, in dropneumatocele pneumocranium, hidropneumocranium, 
t entriculocele, pneumot entncle, etc Pneumocephalus, hotteter, seems to be the 
most logical As Bulloch pointed out, there is a certain analogt between htdro- 
cephalus and pneumocephalus (Traumatic Pneumocephalus, Surg Gt-nec Obst 
43 750 [Dec] 1926) Hj drocephalus not onlt describes a condition of “water 
on the brain,” but has been a word familiar to phtsicians for mant centuries 
H} drocephalus mat be ditided into the internal or external tariett, depending 
on the position of the water He argued that “a similar disposition is found to 
exist with air collections, which mat with equal propriet> be designated as internal 
or external pneumocephalus ” It is recognized that pockets of air mat be pro- 
duced in the brain from mfectite organisms such as the Bacillus aerogenes- 
capsulatus of Welch or the colon bacillus, such conditions, hotteter, are largelt 
speculatite and will not be considered m this paper 

2 Wernher Pneumatocele cranii, Deutsche Ztschr f Chir 3 381, 1873 
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have nevei seen such a ease althoiu,Hi sc\cial c\<im])lts of cicpitant 
eini)h 3 seina ol the soft tissues .ihout the lace and t\ts lollowiii" frac- 
tures of the fiontal sinuses ha^c conic to m\ notice J hese c\tracranial 
foims of aeiogenous tuniois weie ustiailv tieatcd In a sini|)Ic piesstirc 
bandage, and healed spontaneousli as giamilation tissue filled in the 
defect in the bone Thev aie mentioned onh as being .uialogous to the 
moie common and moie dangeious mtiaciamal ianet\ 

The lOentgenogiam has been clncfli icsponsible for the increased 
lecogmtion of mtiaciamal pneumocephaliis Before the advent of the 
loentgenogiam, it was piacticalli nc\er diagnosed In 1884, howeier, 
Chian® recognized one of the first cases m a patient mth a preiious 
histoiy of chronic inflammation of the ethmoid cells Ihe walls ol 
these cells had been iveakened and the duia eroded, so that folloiving 
violent sneezing an was foiced fiom a small lent in the dura connecting 
with the ethmoid cells into the fiontal lobe and \entiicles of the brain 
At autopsy, he demonstiated the an pocket in the frontal lobe as well 
as the ail in the ventiicles, and aigued that this collection of air had 
been present dining life, explaining its entrance as a result of the 
explosive foice of sneezing Violent sneezing bad been one of the out- 
standing symptoms which immediatel} preceded the onset of severe 
headaches, stupoi and death 

The first case of tiaumatic pneumocephalus to be demonstiated b} 
roentgenogiams w'as one b) Luckett,* in 1913 His patient had received 
a fiacture of the skull involving the light fiontal sinus Roentgeno- 
giams taken at the time of mjuij'^ levealed the fiacture, but no air was 
apparent in the ventricles The patient did w^ell foi some time, but on 
the nineteenth day he sneezed and appai ently inflated the venti icles He 
lemarked to a friend, “I just sneezed, had a teiiific pam in my head, 
and then a flow of a large amount of cleai fluid came thiough my nose, 
about a cupful” Signs of inci eased mtiaciamal piessuie immediatelv 
tollowed, and subsequent loentgenogiams of tbe skull show'ed the entiie 
ventricular system, as w^ell as a pocket m the light fiontal lobe, to be 
distended with air Recognizing the seiiousness of this condition, 
Luckett at once performed a light subtemporal and a suboccipital decom- 
pression, removing the an both fioin the ventiicles and from the cisteina 
magna Meningitis, howevei, was aheady present and the patient died 
four days latei, the air infiltrated ventiicles being disclosed at autopsy 

Dandj,® m 1926, repoited three new cases of tiaumatic pneumo- 
cephalus, collected twenty-five others fiom the literatuie, and gave an 

3 Chian, H Ueber einen Fall \on Luftansammiung in den Ventnkein des 
menschlichen Gehirns, Prag VierteljaVirsschr f Heilk 5 383, 1884 

4 Luckett, W H Air in the Ventricles of the Brain Following a Fracture 
of the Skull Report of a Case, Surg Ginec Obst 17 237, 1913 

5 Dand\, W E Pneumocephalus (Intracranial Pneumatocele or Aero- 
cele). Arch Surg 12 949 (Mai) 1926 
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I 1. 11 ill I <1, ,'i( i-ulim; Ht i juntKii imlhoii ni 

!.i tliii^, iiiiv » .inMiUii'i ii\ nlii^iiKtlu »mTi])inii in in hnii: out tin. 
'iin il <!tui! nil' dii^inr ilu ^ inu ntiur in i liiutt i-nlnu or t n‘~ci i 
iH' *1 nil H"- nu'lioil m ijuno-nli \ iri(.<I (kjiiiKini^ on the 
!'!>( o! nutii'i ni'i ilu i»ii'-i!ion <•! tlu <im i! itnl Iwo jiroLtihirtN 
Will ^iiLVf^Jni ( 1 ) ^nnj'h 1 Nj'o^nu oi tin It ictnn, in ir the ''Ujir.i' 
oihinl 51(1^1 mil loiintion oi tlu <hn i! ditut wlinh 1 1\ (hrceth 
I’tm ith ot (J) tlu ii'i oi in I'tin^m tront il hotu flip wnli <'t ircii 
loi tlu durii liit^a nlon^ tlu ixi^tMior w.ill ot tlu troiml ‘•nni- or in 

tlu n^iiiii oi tlu tthinoul itll'- nul tlo-nri oi the i- line I i\l eenrs 

i nlur '^jiilhr' h ul (Imin'dl tin tr< itnuiit o- lollows 

I hr tji(»tiii 111 (ijifi II n is T ilit.uiilt line It it is in lie jHriormciI tnrh 

!t will In liclnn iin c\ lUiui nl urncilt i\ists itul will be (Imic ill the hope 

ni pri cntiiu this I(s),,i It jc ni'i ciistnni ir\ In nptritc on titn ci'e of Iiiutr 
ir ictnri fil tlu st nil without <hsplnitiiu nt ni irictiircd Imiu niul witiiout sifrni; 
ni iiiir icr inni [irtssun uul it s(.t (uustiotnlik wlulhtr oiuritionc would be 
nhisnlih whciUM'- tlu rneiitetii n\ s show i liimr inctiirc permittinc com- 
tmiiiinttnii with iir snmsis In sonu mstniicts n is difliciilt or uiipo«MbIc to be 
(.irtiiii irniii roctiteinro iNiimintton wlutlur nil nir coiiuniinicitioii with tlu 
iiiurmr ni liu crinniin Ins Imii ist ibhslud Pri«iiiinhl\ wlure 'uich commiini- 
c ition IS shown h\ ronitutn n\ pi itis tnken shortlv liter inctiirt Ins occurred 
nierition might mike closure ot tins commumeition po'Siblc ind thus prcient 
the development of in lerocele ind the possihihte of tlu development ot in lero- 
cele must he considered m inv cise oi iricture of tlu hones ibout the nose It 
Would he dirncult to prevent tlu pment from blovvmc: the nosc ind sneezing in 
tlu presence ot such iricture hut something might be ittemptcd m this direction 
to Ic'scii the dinner 

Bromberc; m 1928 reported a caee ot tvpicil irontal pneutno- 
etphalus with cerebrospinal rlnnorrhea appearing seven weeks after a 
Irontal Iracture He attempted to close the rent in the dura bv tlie use 
ot the roentgen rav but was unsuccesstui Following a suggestion ot 
Israel Strauss the patient was pi iced in bed with his head held back- 
w ard so that the nasal cav it} w ould he in a horizontal position He w as 
kept in this position for three weeks or more without turning his head 
everv precaution being taken to prevent coughing, sneezing or straining 
\t the end ot the month the air had practicallv disappeared from Ins 
brain and after two or three months he was entirelv well 

In the traumatic form of pneumocephaltis one has an initial cranial 
detect connecting with one or more of the paranasal sinuses or with the 
mastoid cells It is well recognized that gaseous pressure mav be 
increased m the paranasal sinuses bv coughing, sneezing, straining 
bw allow mg or the like so that it is much greater than that ordinarilv 

6 Spiller, tt G -kerocele of the Brain M Clin X' A.mer 5 651 (Kov ) 

1921 

7 Bromberg W Cerebrospinal Rlnnorrhea with Pneumocephalus Secondarr 
to Skull Fracture J \ M A. 90 201/ (June) 192S 
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existing within the ciaina] chamhci Coiiscquenth , ^\hc^ tlieic is a 
fiactuie connecting with such a sinus and tlic intracianial caMt\ in a 
duial lent, an may be foiccd fiom am of these sinuses into the brain 
substance itself Connections nith the fiontal sinuses are most com- 
mon, but cases liave been icpoitcd in nhicli the communication lias been 
with the ethmoids (Chiaii,’’ Holmes,'' Do}le‘' and Spillcr"), the sjihe- 
noids (Ma} and Santoro”) or the mastoids (Duken 'leachcnor 
and Dandy The entiance of an into the brain and ^cntrlcles ma} 
be immediate, as was true in two cases of this senes, but it more fre- 
quently happens fiom two to foui weeks after the nijur\ Comerseh, 
a pocket of an may exist in the substance of the frontal lobe for mans 
months w'lthout breaking througli into the sentricle 

Ses'eial factois fas'or the fiontal legion as the most common site 
for the des^elopment of pneumocephaltis Fractuies frequentls occur in 
the frontal sinuses, and the duia in this region is thin and ver} tightl} 
adherent to the skull A fiactuie of the inner ssall of the sinus is onls 
too prone to cause a rent m the dura as ss'ell 1 here is usually a con- 
tusion 01 laceration of the fiontal lobe in the immediate proximity of 
the fracture, consequently adhesions tend to form, walling off the 
bruised brain at the point of fiactuie from the surrounding subdural 
space Ideal conditions aie therefore produced for the passage of air 
directly from the sinus into the biain substance, if by chance the pres- 
sure within the sinus itself is suddenly increased Hence coughing, 
sneezing, straining or an3'thing that will raise the gaseous pressure within " 
the sinus is most often the immediate predecessor of the entrance of 
air into the brain or ventricles 

Dandy called attention to an unusual condition of the sinus wdiich 
not infrequently exists The size oi charactei of the sinus may be such 
as to permit the outflow of spinal fluid as seen in cerebi ospinal rhinor- 

8 Holmes, G W Intracranial Aerocele Following Fracture of the Frontal 
Bone, Am J Roentgenol 5 384 (Aug ) 1918 

9 Doyle, A S Traumatic Pneumocranium, Am J Roentgenol 8 73 (Feb ) 

1921 

10 May, R J Report of a Case Showing Air Within the Cranial Cavity, 
Am J Roentgenol 6 190 (April) 1919 

11 Santoro Rinorrea cefalo-rachidiana e pneumoventricolo spontanei da 
tumore della base (ipofisi^), (Spontane Liquorrhmorrhoe und Pneumoventrikel 
bei einer Basis- (Hypophysen-^) (Geschwulst), Riv oto-neuro-oftalmol 1 484, 
1924 

12 Duken Ueber zwei Falle von intracranieller Pneumatocele nach Schuss- 
verletzung, Munchen med Wchnschr 62 598, 1915 

13 Teachenor, F R Pneumo\ entricle of the Cerebrum, Ann Surg 78 561 
(Nov) 1923 

14 Dand}, W E The Treatment of Staphjlococcus and Streptococcus 
^leningitis b\ Continuous Drainage of the Cisterna Magna, Surg Gynec Obst 
39 760 (Dec ) 1924 
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< I’l i Ini I '> iiiij'Wi! !<> illnw tlu I 'I i]i< <ii i!u mtt t[)j)c<l ur It Ii 
!’'t 5 t’ i(<! til it 1 lui! \il\< tiiioii m i\ < M^t iImiil; tiic ■-mti'i tnct 
\\)iih \\)il )>i,n’it uitii'n <>i in into tin 1 1 inn! clninlxi Imt winch 
]"i\( It'' nn < Mt < m ^ ht\< luin n]H)rtnl in wjmh tlu nut nuc ot 
in wn ijijMii 'itiv vniiult tin iitis with tlu '•tiijiiMUc m ctri.l)ro'])nnI 
ihnunihii 1 hn lunnnt (In'- luit lun'-'-irih lolluw n n'-c^i hi\c 
In ( n l.tu'wn til whuh vj^n'' i>t nunim;iti'' i])]h nnl is soon is the cerc- 
hii'sjninl thituntlu 1 sto]i]n(i iu> m hnn., prismt within the n inn! 
chi.nlnr 1 !u imm Imwini is nu<rc licijtinitK stni 

1 !u s\ nijiti 'ills nn\ hi sikIiK n i>r iji uhi il \ uilnit or iinhi (Icjinulini; 
lirttth on the iiiioinit oi m nul tlu rijiuhti oi its eiitriincc into the 
cniinl di iiiihn I sn ill\ tlu ipjHiriiut oi pm iiinocLplnlns n shown 
h\ tlu otnirrnui oi hiuluiu n lUsi i nul \onntni" in short the snjns 
oi incu isni intricnntil jiri'snu ippe ir I he pitieiit iin\ show en- 
deiieis oi (liowsiness nul stupor nul e\tn '^o into coin i Mental changes 
in the loiin ot disorient itum toigetliilness or e\en delusions nn\ occur 
\ choked disk in i\ oi in.t\ not develop Coimilsioiis have occurred 
nul nnv he ot the i leksoni in tvjie Not intrequentlv there will be 
chills ind lever with the clnr leteristic signs of a rapidlv developing 
ineningilis Stiffness ot the neck and a positive Kernig sign are the 
rule liven lu cases m which actuil ineningitib is not present svmp- 
tonis ot mild lueiiiiigeil irrit ilion aie seen These graduallv pass awav 
as the iiiticnt recovers 

The presence ot cerebrosjunal rhinorrhea especiallv following an 
attack of snee/ing or coughing is regarded bv Dandv “ as almost patho- 
gnomonic ot pneumocephaius He stated ‘A. cerebrospinal fistula is 
probablv the sign ot greatest significance Its presence should alvvavs 
make one susi>ect pneumocephaius M hen sneezing follow s a 

frontal fracture with rhinorrhea the suspicion grows stronger, but when 
sneezing is followed bv a flow of cerebrospinal fluid one could 

almost be safe in making a positive diagnosis of pneumocephaius with- 
out the roentgen rav ” 

REPORT or C VSES 

C vsE 1 — Defrressed tight frontal fracture foUoiotd b\ immediate traumatic 
t’lteiimocephaliis Elezatioii of depressed fracture on same da\ \o attempt made 
to remote air Gradual absorption of same, and rccoz>er\ of patient 

A \ aged 23, a ^Mexican laborer, was injured on Dec 5, 1919, v\hen he 
was struck in the right frontoparietal region bi a falling piece of a 2 4 timber 

and was immediately rendered unconscious He v\as first taken to the Ramona 
Hospital in San Bernardino, then transferred to the Good Samaritan Hospital in 
Los Angeles At the time of his entrance to the latter hospital, he was found to 
be suffering from an extensive compound comminuted, depressed fracture of the 
right frontal region Brain substance was oozing from the laceration in the 
scalp into his hair He was in deep coma and having frequent convulsions He 
was taken to the operating room where Dr Shoemaker elevated the depressed 
fragments At the time it was noticed that bubbles of air came through the 



IRCfin LS 01 


^bUGLR) 


9•^0 



Fig 1 (case 1) — Postoperatnc roentgenogram taken scxcral Jioors after 
injurj, showing a large pncumoccpinlus of the right frontal lobe Apparenth 
the dural defect was inad\crtcnth closed at operation ns the pneumocephalus 
absorbed and did not recur 



Fig 2 (case 1) — Roentgenogram taken a few hours after operation, showing 
corrected fracture of the right frontal bone as well as air in the right frontal 
lobe and partial filling of the ^entrlcle, this air was absorbed spontaneously 
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Tia 3 (.CISC 1) — Rocnt.gcno^r-\m t^kcn ipproMmateU tour months alter 
inj«r\ showing the frontal traeturc still present but all air within the cranial 
caMt\ has been absorbed 

R L aged 2-1 married a fireman was reterred b\ Dr William T Cade 
Jr, of Los \ngeles, on Mae 3 1926 He was injured on Lpril 4, 1926, when 
he was struck on the forehead with the nozzle of a tire hose He sustained a 
compound comminuted depressed tracture of the skull in the right trontal region 
but was not unconscious Lt the Pacific Hospital he eras operated on be Dr 
C F \elson three hours after the injure, large tragraents of depressed bone being 
remoied A cerebrospinal rhinorrhea dei eloped immediateK following the iniuo, 
and spinal fluid continued to drip from his nose until April 30 when it suddenh 
stopped The patient had made a good primari reco\er\ from his operation and 
had been dischargea from the hospital at the end of two weeks 

A. pneumocephalus became apparent about four weeks atter tlie injun The 
patient had been home approximateU two weeks, with the cerebrospinal rhinorrhea 
still present On April 30 the fluid stopped running from his nose, he felt sick 
and chilli , and during the night his temperature rose to 104 F The ne-et morning, 
he was unconscious and remained in coma until his death on Mai 5 Two dais 
before death there was twitching of the right =ide of the race 
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At tlic time of in\ c\nmm<ition on "M.ix 3, tlic man uis tveccdnif'Iv ill and 
m deep coma, the temperature was 104 F , pulse rite, 200 and respirations, 40 
He was bathed m perspiration, there w is marked riKidits of his neck, a doiiiile 
positne Keinig sign, m irked swelling iiid edema of both eyelids and the tissues about 
the forehead were bogg\ Brain substince oo/ed irom a recent stab wound just 
above the bridge of the nose The pupils were unequal and fi\ed, the right being 
larger than the left, the cvegrounds showed m irked congestion of both fundi 
and ha/'iness of the disk margins All siipcrfici d and deep reflexes were in 
abevance The white blood cell count was 43,000, the polvmorphonuclcars, 85 
per cent 



Fig 4 (case 2) — Roentgenogram taken approximately one month after injurj, 
showing defect in the frontal bone from removal of depressed fragments and a 
pocket of air in the right frontal lobe 

Roentgenograms of the skull taken at this time rev^ealed a comminuted fracture 
of the right frontal bone, with a large defect where fragments had been removed, 
and a large pneumocephalus in the right frontal region (figs 4 and S) A spinal 
fluid examination at this time showed the fluid under great pressure, containing 
manj gram-positive organisms, probably pneumococci The patient died on Ma> 
5, and the coroner reported that death had been caused by depressed fracture o 
the skull and acute meningitis 

Case 3 — Dipicssed light fioiital fiactnie followed by fevet and slow con 
valcscencc Fmc weel s latei, signs of meningitis and tiaiinialic pncnmoccpha us 




I i 



Tiff 5 (cise 2) — Rocntgenognm taken one month alter injure, showing a 
large pocket of air in the right frontal lobe Point of communication of the 
air pocket with the region ot the frontal sinus indicated b\ arrow 

Roentgenograms of the skull taken on March 9, reiealed a rather evtensue 
V-shaped fracture m the right t rental region A.t the fork of the Y one could 
see a triangular piece of bone which was shghtlj depressed, but no air was 
present The patient had an intermittent feier from the first, and there was a 
serous discharge from his right ear which maj ha^e been spinal fluid About the 
middle of April, 1927, he began to get worse 

On April 22 he was found hing on his left side he refused to turn on his 
back because of pain in his head and neck The neck was quite stiff, and there 
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was a double positive Kernig sign llicrc was a lieiltd scir in tiie rigiit froiUo- 
icmporal region The pupds were uneqiid, tbc right being coiisuknbl> hrger 
than tlie left, both reacted well to light and distance There was a complete 
peripheral facial parahsis on the right The discharge from the right ear had 
ceased The evegronnds were within normal limits, sue for some congestion of 
the retinae and vessels The deep rcflc\cs were all present and equal, except the 
left knee jerk, which was quicker than the right There was a positive Babiiiski 
sign on the left, a negativ’e on the right An examination of the spinal fluid 
show’cd a shghtlv cloudv fluid under pressure which contained 152 cells per cubic 
millimeter and reacted positivelv to the Noguchi test and ncgativclj to culture 
Examination of the blood showed hemoglobin, 75 per cent, erv throevtes, 4,440,000, 
leukoevtes, 10,350, color index, 09, polvmorphonuclears, 80 per cent, large mono- 
nuclears, 18 5 per cent, transitional leukoevtes 1 5 per cent 



Fig 6 (case 3) — Roentgenogram taken approximate^ six weeks after injurj, 
showing air m the right frontal lobe and practically filling the ventricular system, 
postero-anterior view 


Roentgenograms of the skull taken on April 22 revealed an old fracture in the 
right frontal region The entire ventricular svstem was filled with air (fig 6) 
In the right frontal lobe just in front of the anterior horn of the v'cntricle one 
could see a pocket of air It was evudent that the patient had developed a trau- 
matic pneumocephalus, the air coming through the right frontal sinuses It seemed 
advisable to trj to emptj the air from the pocket and ventricles, and if possible 
close the opening in the dura 

At operation, the fracture line in the right frontal bone was exposed On 
rongeuring the bone, bubbles of air escaped between the dura and the inner table 
of the skull The dura was at least four times its normal thickness The surface 
of the frontal lobe showed inflammation with exudate and thickening of the pia 
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J 'g / ((nsc 4) — Rocntgenognin t^kcn ipproMimteh four ^\eeks after injurj, 
showing a large pocket oi air in the leit frontal lobe and partial filling ot the 
lateral aentncle 

C W, aged 19, single a laborer, was reterred b\ Dr allace Dodge of Los 
■\ngeles on April 21 1928 He was injured on March 29, 1928, when he was 
struck in the midforehead just below the hair line, b\ a falling piece of timber 
He was unconscious for a lerN short time A roentgenogram taken at the 
Methodist Hospital on the date of his injuiw showed a linear fracture in the left 
irontal bone, which ran into and imohed both walls of the left frontal sinus 
The patient presented no unusual neurologic signs or si raptoms during the next 
two weeks, and at the end of this time was allowed up in a wheel chair On 
■’^Pril 15 he began to haie a headache and to lomit The headache and lomiting 
continued daiK tor the next w eek 
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At tlic tune of inv first e\nmiintion on Apiil 21, lit u is nicnt illj clear niul 
conscious The scar in Ins fortlitad was healed and clt in 'J lit ntek was a 
little resist int, and a Keinig sign was snggestne on holli suits The e>egroiiiids 
were normal, and the pupils were equal and reacted wtll to light and distnice 
Otherwise, the results of tht nturologit e\ ininiation were ntgatnc It was felt 
It the time that there wms a suggestion of mtrcastd intracranial pressure, possihlj 
111 extension of infection from the frontal sums, a traiim itic pnciimoccphahis 
w'as not considered, hut a brain .ibsecss wms thought likeh On April 26, roent- 
genograms of the skull were again made, and a large pocket of air was dis- 
closed within the suhst nice of the left fiontil lobe (fig 7) The Literal \entricles 



Fig 8 (case 4) — Roentgenogram taken alioiit five weeks after injury sliowiiig 
i pocket of air in the left frontal lobe communicating with the region of the left 
frontal sinus, the later il ventricles are also filled 


were also filled wath air (fig 8) One could sec a dncct communication of air 
from the posterior wmII of the left frontal sinus into the pneumoceplialus It 
was felt advisable to keep the hoy absolutely quiet in bed, warning him against 
coughing or snee/mg, ind not permitting him so much as to raise Ins head No 
cerebrospinal rliiiiorrliea was present This treatment w'as carried out for two 
or tlirce days with fair relief from headache and vomiting, when the symptoms 
again recurred, and an exploration was advised 

On I^Iav 2, a left frontal ostcopl istic flap was turned down according to the 
method of Daiulv The dura was foimd to he verv tense, and the flattened con- 
volutions of the frontal lobe could he seen shining through The dura w'as 
iiieked, and a ventricle needle was introduced into the ur pocket beneath T ns 
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Fig 9 

(case -}) — Photograph of patient taken seteral months after injur> 
show ing faint operatu e scar in the left frontal region 


was sealed with a piece of fascia lata taken trom the right thigh The fasaal 
graft was reinforced b\ several pieces ot muscle The wound was then closed 
tight 

The patient had persistent \omiting for seteral hours following the operation 
His temperature remained around 102 F for two da\s, then dropped to normal 
and con\ alescence was une\entful (fig 9) He returned to light work about 
Juh 15, 1928, three and one-halt months after his injurv 

C VSE 5 — Evtinsivc def’rcsscd fiacturc tnzohing both frontal sinuses Rejusal 
of oftration for correction of saiiit -IfpLarancc of signs of menu gitis ana 
pnetnnocephaltts one month later Correction of depressed fracture, closure oj 
dural rent and relief of pneiiinocephaliis at this time Recoterx 

H G , aged 23, married, an actress entered tlie Los Angeles General Hospita’ 
on Ma\ 17, 1928 The details of her accident were not -ien clear however it 
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was learned that she fell downstairs, striking her head on some hard object 
When admitted to tlic hospital slic was in a seniicoinatosc condition , there was 
ecchjmosis about both cjcs, whicli were swollen sluit, and tlie forcliead was pulYy 
with a laceration near the midhne Palpation rciealed i depression of the bone 
m the midfrontal region The pupils w’crc equal and reacted w'cll to light and 
distance, the ej'egioiinds w-erc within norm il limits dherc was no bleeding 
from the ears, but profuse bleeding from the nose The results of the neurologic 
and physical examinations w'ere essentialh negative 

A roentgenogram of the skull taken on May 17 revealed a much comminuted 
fracture m the frontal region insolving the anterior fossae on both sides Several 



Fig 10 (case 5) — Roentgenogram taken approximately a month after injury 
show'ing a large pneumocephalus m the right frontal lobe The fracture lines 
cm be faintly made out Roentgenograms taken immediately after injury failed 
to show the presence of air in the cranial ca\it\ 

comminuted fragments appeared to project into the cranial vault m the anterior 
fossa near the superior external angle of the right side No an w’as present in 
the cranial chamber 

After a few days, th'e patient’s condition cleared up satisfactorily except for 
rather se\ere headache She did not lia\c a cerebrospinal rhmorrhea at any time 
She refused to base the depressed fracture elevated, and left the hospital of her 
own accord on Itlaj 29 

She returned on June 15, 1928, lerj' ill At this time she had a fever of 
102 6 F , pulse rate 120, respirations 20, a stiff neck and a double positive Kernig 
sign She was delirious part of the time, restless and resisted examination, had 
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Tig 11 (case 5) — Roentgenogram taken approximateh one month after tnjun 
showing a large collection of air in the right frontal lobe Extensile fracture 
lines in the frontal region can be well seen 

Pneumocephalus was suspected and roentgenograms were again taken on June 
18 These retealecl a large collection of air m the right frontal lobe, the com- 
minuted fracture of the skull m the frontal region extending into the anterior 
portion of the anterior fossae on both sides was again seen (figs 10 and 11) 
There was oierlapping at the median transterse side of the fracture, gning an 
appearance of some depression of the upper fragment and some outward displace- 
ment of the low er fragment 

She was operated on June 20, when a flap of liberal size was turned down m 
the right frontal region The dura was under great tension This was opened 
and a pneumocephalus in the right frontal lobe was emptied of air bi a lentncle 
needle, the air coming out under great pressure The dura was then lifted irom 
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the floor of tlie anlcnor fossa, and two rents were disco\ered 'llirougli one of 
these, a pointed spicule of bone had penetrated from tlie frontal sinus This rent 
nas sutured A second rent was found deep down o\cr the cribriform plate at 
a point w’hcre suture of the dura was impossible Conscquentlj, a piece of muscle 
and fascia lata w'crc rcmo\cd from the left thigh, and the defect in the dura was 
closed with them The depression in the front il bone was corrected, and the 
wound closed tight Convalescence was stormj By June 26, all air had disap- 
peared from the cranial ca\ ity, as w'as reve iled b> subsequent roentgenograms 
The patient continued to have headaches and signs of meningeal irritation, and 
lumbar punctures Avere made from time to time She w'as given methcnaminc 
intravenously, as much as 90 grams (5S Gm ) a day being given for short periods 
of time From the time of her second idmission, until her discharge, she was 
given 1,920 grams (12-14 Gm ) mtravcnouslj The kidnejs were w'atchcd closely 
and apparently suffered no ill effects It could not be definitely proved whether 
formaldehdje waas transmitted in the spinal fluid Lumbar punctures were 
repeated from time to time <ind the results w'cie as follows On June 23, 10 cc 
of fluid was removed, it ivas cloudy and contained 1,650 cells per cubic millimeter 
The globulin w'as increased A few extracellular gram-positive diplococci were 
seen These may have been due to a contamination On July 4, 65 cc of fluid 
W'as removed, it w'as turbid, and under increased pressure and contained 1,650 
cells per cubic millimeter Smcais or cultures w'cre not made On July 10, 75 cc 
of fluid was removed, it was turbid and under increased pressure and contained 
1,520 cells per cubic millimeter On July 20, 100 cc w'as removed, it was clear but 
yellowish and contained 1,285 cells per cubic millimeter, winch w'ere mostly 
lymphocytes It was noted that the patient seemed better w'hcn spinal punctures 
were not made, consequently, no further punctures were earned out 

During the first w'ceks after the operation, the patient was noisy, delirious and 
Aery difficult to handle, m fact, she had to be put m the psychopathic Avard for a 
time Gradually her condition cleared up, and by August 14, she had apparently 
completely regained her mental faculties, the AA'ound Avas avcII healed and she Avas 
discharged from the hospital Correspondence AVith her from time to time since 
reveals that she remains m good health 

Case 6 — 0 capital and questionable light fiontal fiactuie, zoitli immediate 
cei ebi osptnal iliinoiihea and pncunioccphalus Six days lata sudden stoppage 
of rhinouhca and appeal ance of signs of acute meningitis , disappeai ance of an 
at this time Death fiom pneumococcus meningitis 

C S , aged 41, married, a carpenter, AA'as referred by Dr A W Moore of 
Los Angeles He Avas injured at 10 30 a m on May 21, 1928 In attempting 
to loosen some bolts from the top of a dooi, he in some Avay received an electric 
shock and fell 20 feet He Avas not rendered unconscious, but sustained a Colics 
fracture of the left Avrist, minor burns on fingers of the left hand and a fracture 
of the skull in the right frontal region There Avas profuse bleeding from the 
nose and mouth and a marked cerebrospinal rhmorrhea Avhich began at the time 
of the accident and stopped suddenly on May 27, six days later As long as the 
rhmorrhea continued, the patient’s mmd Avas clear and he Avas conscious, but he 
had considerable headache The leakage of fluid stopped about 2pm, his 
headache became excruciating, and he dropped into coma two hours later, his 
temperature rapidly rising to 104 F 

Roentgenograms of the skull taken on May 21 (the date of iiijuiy) shoAved 
an unusual condition There was practically complete filling of the left ventricle 
of the brain A\ith air, w'hich also Avas present in the subarachnoid space over the 
entire brain (figs 12 and 13) No air Aias seen m the substance of either frontal 
lobe There Avas a linear fracture in the right occipital region beloAV the lambdoid 
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cuturc ind t lint ntnr tlic outer niieilt ot the c\c on the right side which 

resembled n inclurc Rocntgcnogr'uiis t-iken on Mit 28 showed tint practicallj 
all the air Ind been absorbed This howeter, did not influence the course ot his 
meningitis 

The patient was lirst seen b\ me on Ma\ 28, 1928 two dats before his death, 
at which time the right e\c was discolored "iiid swollen and the neck stiff, and 
he had a positue Kcrnig sign on each side Dnergeiit squint was present The 
light pupil was static and a little larger than the ktt, the left reacted sluggishU 
He was appareiith blind in the right eie The eicgrounds showed marked con- 
gestion 01 the disks, with beginning choking on each side Respirations were ot 
the Cheine-Stokes tipc, the temperature was 104 F , pulse rate, SO, white blood 



Fig 12 (case 6) — Roentgenogram taken on da\ of injun showing extensile 
filling, both of the lentncles and subarachnoid spaces with air This is the onK 
case in which the subarachnoid spaces filled with air 

cells, 9 500, and poK morphonuclear cells 68 per cent A. lumbar puncture per- 
formed on Mai 28 show ed a spinal fluid under a pressure aboi e 300 mm , and 
a cell count of 14 000 per cubic millimeter Gram stain ot sediment showed 
numerous pus cells and a moderate number ot gram-positue lanceolate diplococci 
some intracellular Culture showed a pure growth of pneumococcus, group IV 
Death occurred on Ma\ 30 1928 

This case differs from the otlurs reported with the exception ot case I in 
that pncumoccphalus des eloped immcdiatcK on the das oi injurs as shown b\ 
the carls roentuenotrrams As long a- the cercbro'-pinal fluid leak continued the 
patient ssas lairh comiortabk as soon as this stopped he lapsed into coma and 
died sbortls altcrward Bilorc death the air had disappeared trom the scntnclc' 
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and subarachnoid spaces Tlie definite source of entrance of tlie air and micro- 
organisms in this case was not delerinincd 

Case 7 — E\tcn<!tvc coininiiiiilcd bilatctal fiontal fiacliiic comuiumcatmg •zvilh 
the light fiontal sinus Cn cbi oifinal ihtnoiihca developing about a zveck latci 
Appeal ance of headache, ineiital hallucinationz and dizcoz'ctv of tiauniatic pneu- 
moccphalus about sn ztccks aftci iiijutv Opeiativc clozute of duial defect by 
muscle giaft Reeoveiy 

J H I, aged 44, married, a business man, was seen m consultation w'ltli Dr 
H D Newkirk of Santa Ana on June 11, 1929 On May 6, he sustained an 



Fig 13 (case 6) — Roentgenogram taken on day of injury show mg air in the 
lateral ventricles and a large collection in the subarachnoid spaces 

extensive fracture of the skull m the frontal region The circumstances sur- 
rounding his mjurj w'ere not clear He was found in a basement, unconscious, 
with lacerations of the scalp, especiallj m the left frontal region, and a fracture 
of his left elbow There was no bleeding from his ears After a daj or two 
his condition began to clear up, and improvement continued until June 9 

Roentgenograms of the skull taken soon after the accident showed an extensne 
fracture m the frontal region There was a veri small depression m the left 
temple just outside of the orbit, this depression measured approximately 1 bv 1 5 
cm, and was pushed down about 0 5 cm There were other fracture lines run- 
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nmg itros'- llit- froiitnl bone out communicnting uitli the riglit frontal sinus 
Xo air was seen inside of the cranial caaiU 

On Tunc 9, he exhibited his lirst delusions He insisted that his wire was 
with him and that she was taking care ot him \s a matter of fact, she was 500 
miles awae Ho also became contused and disoriented He did not know where 
he was or that he was m a hospital He lost all interest in his business, neaer 
inquired about it and showed no worn regarding it This was quite different 
from his normal mental attitude 

On examination on June 11, tlie patient appeared to be m good general phesical 
condition There were two recenth healed scars on the left side of the forehead 



fig 14 (case 7) — Roentgenogram taken approximatelj se\en weeks after 
injurr A tremendous pneumatocele is erident in the right frontal lobe as well 
as the presence of air in the lateral rentricle The fracture lines can be made out 
in the frontal bone 


In the leu temple, just outside ot the orbit, one could icel a ren slight depression 
m the bone The cranial nerres were normal, and the e\egrounds appeared to be 
within normal limits There were no abnormal reflexes ot the Babmski group 
nor ankle clonus on either side He used all extremities well 

Laborator\ examinations showed the urine and assermann reaction oi the 
blood to be negatne The blood count Miowcd licmoglobm S4 per cent, red 
blood cells, 4G10000 color index 093 white blood cellc 10 200, pohanorpboau- 
clcars 70 per cent 1\ niplioci te- 27 per cent mono itickar'- 3 pc- cent, blood 
croiipiiig II 
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The patient seemed quite well oiiciited on the daj of this e\imination He 
knew that he was m a hospital at Anaheim, ga\e the da}' of the A\eek and month 
correctly and discussed his business in some detail He performed the 100-7 test 
very quickly and accuratel} and seemed mcntalh himself, except for one delusion 
He insisted that his wife ^\as m the hospital with the two children, and he could 
not be persuaded otherwuse As alrcad} stated, she was at their home 500 miles 
away 

About this time a cerebrospinal rhmorrhea was observed, the exact time of 
Its development is not knowm After his reco\er\ the patient said that it started 
within a week from the date of his injur\, but it was not conspicuous until a 



Tig IS (case 7) — Roentgenogram showing multiple fracture lines and a large 
collection of air both in the right frontal lobe and filling the ventricular sestem 

month later The fluid came fiom the right side of his nose and in large quanti- 
ties He also developed considerable headache At times his headache was very 
severe, at other times he was apparently free from pain When the headache was 
present, he was usuall} badl} confused as to time and place When the headache 
was absent liis mind for the most part, was clear A^bstracts from a letter written 
on June 16, 1929, will perhaps give an idea of his mental condition 

‘Anaheim Aenatarium 

\naheim, Oct 17, 1929 (Correct date June 16, 1929) 

A our letter enclosing the dried peaches and dried fruit bag arrived this morning 
earlv Ever} thing m it were fine The fruit was fine also 




A' 1\D—1R IIM UIC P\i:i MOCLPH-iLL S’ 


955 


Our piper nnd <;tmip'- are geituig Io%n so \%e tike idiantige ot untiiig on the 
other fclIo\\s piper etc 

I did not do tint todl^ hcciuse I did not hear that the box contiined so 
much 'ituft <;o direct trom Sin Meioijoiomhijones's '' 

He wis brought to Los \ngelcs on Tune 26 when he was found to be in a 
\cr\ contused condition Roentgenogrims ot the skull were taken again at this 
tune as i triunntic pneiimocephalus wis suspected These plates showed a tre- 
mendous collection of iir in the right frontal lobe and filling the lateral lentricles 
(figs 14 and 15) The patient was operated on two daNs later, a right trontal 
bone flap being turned down On reflecting the flap to our surprise the dura had 
collapsed and it was apparent that the pneumatocele had emptied itself On 
reflecting the dura trom the back of the right trontal sinus a fracture in the 



Fig 16 (case 8) — Roentgenogram taken tweim-two da^s after injure show- 
ing a large pneumatocele in the right frontal lobe A. roentgenogram taken two 
da\s after injure failed to show air in this region 


posterior eeall eeas disclosed and a corresponding rent in the dura eeas lound 

This rent measured approximatele 1 cm m length It eea-. not feasible to attempt 

repairing it be direct suture tascii lata md muscle graits being used tor this 
purpose He stood the operation eecll but shoeeed considtrah’c ment d contusion 
the following da% In short, lor approximatch two weeks he had periods when 
In. was badh contused He usualK thought that he had licen at home and had 
returned or that there had been \isitor-. other tiian the people who had acmalK 
tailed Mental contusion occurred at times during the rest oi hi^ s,a\ m the 
hospital He returned to hi' home on XtigU't H 

C \si 8 — ri/iiKi ( roil pound I amii inii'i (/ ts o jroi 'c[ pro,, ir, i d- 

inn info f/i, rio/if inn hi fii ns • i if or'i' P fr er, u rr, 11,1's , I i it dr 
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of vijiiiy Appeal aiicc of cci cbi o<:piiial i Ittiioi i lua, and liatniialic piuiiinoccplialus 
three zucchs lalci Opciativc elozuie of diiial mil zvith viuzck and fazcia lata 
Recovc! 3 ' 

CEE, age 1 19, a inesscngei bo\, was uliiiittccl to tlic Los Aiigcics General 
Hospital on Julj 5, 1929 A few hours earlier he liatl been injured in a collision 
betw'een his inotorc\cle and an automobile He w is unconscious onlj a tew 
minutes At the time of admission his mind was perfectly clear Examination 
revealed an evtensne laceration crossing the forehc id Under this was a large 
depressed fracture of the frontal bone The right c\e w is swollen shut He was 



Fig 17 (case 8) — Roentgenogram taken twenty-two days after injury showing 
frontal fracture and pneumatocele in the right frontal lobe The point of com- 
munication w’lth the frontal sinus can be plainly seen 


taken to the operating room and the depres''ed fragments were brought up into 
place The wmund healed without infection Within a few days, it was apparent 
that he was blind in the right eye, the pupil being widely dilated and failing to 
react to light Examination of this fundus showed an enormous hemorrhage 
co^erlng the nerve head and extending well into the macular region The retina 
did not appear detached The left fundus appeared normal 

A roentgenogram of the skull taken on July 7, two days after operation, 
showed a large irregular fracture of the frontal bone, involving the right frontal 
sinus The fragments were in good position 
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For the ne\t three weeks the pitient did quite well except tor recurrent nose- 
bleed No cerebrovpunl rhinorrhc'i wns noted V complete ptosis oi the nght 
e\ehd Ind dee eloped, "uid nn cnophthilmos ot the globe was apparent 

On Tide 26 he was transferred to the Santa Fe Hospital About this time, 
cerebrospinal tluid began to leak through the right nostril He also complained 
01 considerable headache The ptosis of the right eeelid began to disappear, but 
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no eision m the eee eeas evident The right fundus at this time showed an 
adeancmg optic atrophe The retinal hemorrhage was lading He showed no 
positiee neurologic signs Roentgen examination ot the skull on Tuh 27 showed 
the comnunuted fractures of the frontal bone as bciore but in addition a verv 
large pneumocephalus ot the nght frontal lobe was seen (figs 16 and 17) 

)) ithin a dav or two the cerebrospinal rhinorrhea ceased and the licadaclie 
decreased Further roentgenograms taken on \ugust 6 showed that the amoun 
of air in the frontal lobe had greatU decreased The patient was oh=ened lo" 
about ten da\s more On \ugust H he again noticed some fluid co rung irom the 
nght Side ot his nosc He silecrcd on one occasion and immcdiaiclv expc’-ic'-ccd 
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an increase in his headache At this time he was conscious of a sir-iling sound 
in the right side of his head, prohabh when tlie air rusiied in Furtlicr roent- 
genograms of the skull showed a reestablishment of the origiinl pneumocephaUis 

On August 17, a scalp flap was turned back m the right frontal region expos- 
ing the fractured area A fracture line was seen running through the anterior 
wall of the right frontal sinus, and through this fracture mail} bubbles of air 
gushed out It w'as not feasible to attempt to turn a bone flap Two of the 
larger fragments w'ere removed, permitting retraction of the dura over the tip 
of the right frontal lobe This membrane was found to be badl} torn, and con- 
siderable laceration of the frontal lobe was seen One was able to demonstrate 
a fracture line running down the posterior wall of the right frontal sinus At 
one point an opening w'as present which permitted the passage of a probe directh 
into the sinus It was impossible to suture the dura A fascia lata graft was 
placed over the opening in the posterior wall of the frontal sinus, and muscle 
grafts covered the rent in the dura The fragments of bone were replaced, and 
the W'ound was closed tightl} 

The postoperative course w'as satisfactori with stoppage of the cerebrospinal 
fluid leak and disappearance of headache However, vision in the left eve did 
not return The patient left the hospital on September 9 otherwise apparentb 
well 

SUMMAR\ 

Eight cases of tiaumatic pneumocephaliis aie lepoited Thiee 
patients of this gioiip died of meningitis, ttvo of them succumbing from 
pneumococcus and one fiom sti eptococcus meningitis Only one of 
these three patients was opeiated on, the operation being pei formed 
aftei meningitis had become geneial, in this instance, the teai in the 
dura was not found Opeiation was pei foimed in five cases with lecov- 
eiy, m each instance, the opening in the dm a was found and closed, 
either by sutuie or muscle graft 

An) case of fracture of the skull communicating with an accessoiy 
nasal sinus, particular!}^ the fiontal, should be closely watched foi the 
possible dev^elopment of pneumocephalus This complication may 
appeal at once or more often seveial weeks after the injuiy The pies- 
ence of cerebrospinal rhinorihea should increase pi ecautionary measuies 
The patient should be w^ained against sneezing, coughing or any action 
that may intensify the an pressure in the accessoiy nasal sinuses If 
pneumocephalus is demonstrated, whether the an is piesent in the 
fiontal lobe, lateral ventricles or both, its lemoval should be attempted 
at once, together with closure of the dural rent Signs of meningitis 
are often present, even in the absence of infecting oiganisms, conse- 
quently, thev" should not necessarily deter an attempt to correct the 
pneumocephalus It may even be justifiable to pioceed in certain cases 
in which infecting organisms have been demonstrated in the fluid The 
prognosis in cases of pneumocephalus is probably better if operative 
lathei than expectant treatment is used Success depends largely on 
earl} recognition and prompt interv^ention 
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Tiin CM-sr or thf low blood pressure produced b\ 

MLSCLE IVJLR\ * 

VLFRCD BL-\LOCK MD 

\\SH\ILLE TEW 

The low blood pressure with which I am concerned m this paper is 
that which during and since the recent war has been recognized as 
secondar\ shock ’ In contrast with this is the condition that has been 
termed pnmar\ shock or collapse ’ A satistactorv explanation for 
the latter condition seems to ha\ e been offered b} Goltz ^ m 1863, w hen 
he found that a blow on the exposed me‘=enter\ of tlie suspended frog 
caused reflex inhibition ot the heart tlirough the \agus and a lessening 
ot ^ascula^ tone generalh throughout the bod\ and especialh in tlie 
abdominal caMt^ As regards “secondaiw shock ' man^ suggestions 
ha\e been presented to account for the low blood pressure and other 
phenomena The older ideas are enumerated in Groeningen s treatise^ 
while the more recent ones are described m detail m Cannon's mono- 
graph ® 

Ot the theories that ha^e been ad^anced as to the cause of “sec- 
ondare shock,’ the most dnergent eiews haee been expressed be those 
who maintain that it is associated with a general relaxation of the large 
eessels and those who maintain that it is accompanied be marked con- 
striction of the arteries Crile * and his associates hae e been the most 
arduous proponents of the former theore eehich stipulates that pro- 
longed sensore stimulation produces exhaustion ot the easomotor center 
that a fall in the arterial blood pressure accompanies the exhaustion of 
the easomotor center and that this produces an accumulation ot blood 
m the large e eins Crile thought that this accumulation of blood m the 
large eeins diminishes the diastolic filling ot the heart and hence its 
output ISIapother = and later ilalcolm “ w ere among the first supporters 
ot the second theore eehich states that the arterioles are markedle con- 
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stncted in shock It was believed b}' Malcolm that this constnction 
expressed plasma from the blood stieam lesultmg m a diminution m 
the circulating blood volume Most of the investigators subsequent to 
Malcolm have believed that theie is a diminution in the circulating blood 
volume in shock, but theie has been a great deal of disagieemeiit as to 
what IS responsible for this deci ease Starling ’ thought that most of 
the loss of cii dilating fluid is into the dilated capillaries of skeletal 
muscle He explained the dilatation of capillaries by noting that the 
arterial blood pressure is usuall}' higher dm mg the exciting pei lod which 
fiequently piecedes the injuiy Most of the muscles usuall}" become 
relaxed following a severe injiiiy The h3q5ertonicity of the arteries 
and the hypotomcity of the muscles lesult in a slow flow of blood 
through the muscles and m an accumulation of blood theie wnth a 
decrease in the ciiculatmg blood volume Eilangei and his associates® 
reduced the volume of the circulating blood by manipulation of the 
abdominal viscera, by partial occlusion of the thoiacic aoita oi inferior 
vena cava, and by the injection of large amounts of epinephiine hydro- 
chloride intravenousl)' In these experiments, they noted the distention 
of the capillaries and venules of the intestinal A'llli with red blood cells, 
but they stated, “The mechanism of the dilatation of the capillaiics and 
venules has not been included in the scope of this investigation ” The 
British Medical Reseaich Committee m August, 1917, invited a Special 
Investigation Committee to wmik on suigical shock and allied conditions 
This committee consisted of Bayhss, Bambridge, Cannon, Richards, 
Sherrington, Starling, Dale and otheis Their observations w^ere pub- 
lished in “Report of Shock Committee, Special Report Senes,” nos 25, 
26 and 27 The woik is summaiized m Cannon’s monogiaph ® The 
method which w^as employed m pioducing a low blood pressure, in many 
of the committee’s expenments consisted of tiaumatizmg one of the 
posterioi extremities of cats The}" maintained that theie was not suf- 
ficient bleeding into the w"ounds to account by itself foi the i eduction in 
pressure Section of the coid in the uppei lumbar legion, in some 
experiments, showed that the fall in blood piessuie w"as not due to any 
general eftect of the trauma on the circulation, bi ought about by neivous 
agencies It was assumed that the continued fall m pressuie following 
trauma w"as produced by the absorption of some depiessant substance 
The effects of histamine and muscle tiauma weie compaied in vaiious 
experiments, and it w"as believed that the hypothetical depressant pio- 
duced by injuring muscles w"as either histamine or some faiily closely 
related substance The laboratory data w'ere carefully coi related with 

7 Stirling Arch med beiges 71 369, 1918 

S Erlanger ct al Am J Phjsiol 49 90, 151 and 345, 1919, 50 31, 104, 119, 
1919 
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tliL cluneal ob^enalions Thib thcon diltcis from the others, A\hich 
consider lo^s ol hlood ^ohm^c, xasocou'^tnction and capillare congestion 
a*; ihe e^'-enlnl distui hanecs in "bccondan shock, ’ in that eridence tor 
the initiating agent is pie^^ciited IIoncAcr it has in common with the 
othei lliLOi los the 1 ict that no initiating agent has actualh been deinon- 
stiatcd 

Ihcie are inane other thcoiics which hare been adeanced in explana- 
tion ot shock each ot which has at least a tew proponents ISIost of 
these do not emphasize the reduction m the circulating blood which has 
been dcfinitch demonstrated be Keith '* and others These theories 
include (1) the theore ot inhibition (2) the theore of fat embolism, 
(3) the thcoiies ot suprarenal he peractie ite and he po-actie ite (4) the 
theore of acidosis and (5) the theor} ot acapnia All of them lack 
proot 

The experiments eehich are to be reported here eeere suggested by 
some eeoik pertormed be Blalock and Bradburn The oxegen content 
ot blood obtained from earious eeins eeas determined m shock, eeliich 
eeas produced by seeeral methods It eeas found that tlie oxegen content 
of blood from the portal eem eeas much higher after a low blood 
pressure had been produced be trauma to the intestines than after a 
proportionate decline in pressure obtained be other metliods The 
oxegen content of blood from the femoral eem of a traumatized leg 
eeas high, eehile that trom the opposite extremite eeas loee These 
obsereations together eeith others suggested but did not proee that a 
local accumulation of blood occurs in a traumatized area, and thej 
ee'ere considered as eeidence against the action of a histamme-like sub- 
stance eehich produces a general bodile effect 

Trauma to one of the extremities of the experimental animal pro- 
duces general phenomena that are closel} similar to those seen in patients 
in shock It has ade'^antages oeer other methods of produang a fall m 
blood pressuie in that the opposite extremit> can be used as a control 
and in the fact that the inflow and outflow of blood from the part can 
be controlled as desired As stated pre^ loush , this method w as emploi ed 
br Cannon and Ba\ liss in their studies on traumatic shock 

The present studi was undertaken in order to trj to determine 
whether the low blood pressure produced b} trauma to one of the 
extremities is due to the formation of some substance w Inch exerts a 

9 Keith Report of Shock Committee Medical Research Committee r.o 27, 
March, 1919 

10 Blalock and Bradburn Blood Distribution in Siiock \ Stud\ of the 
Oxig^en Content of the A^enous Blood from Different Locshtic^ m Shock Pro- 
duced bi Hemorrhage bi Hi-tamiiie and b% Trauma Vrch Sure 20 2d lO'O 

11 Cannon and Baahss Note on tfuscle futun m Rtlation to Shock Report 
of Shock Committee Medical Research Committee no 26 pp 10 26 March 1919 
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geneial bodily efifect oi whethei it is due simply to hemoirhage locally 
As the fiist appioach, the expciinients of Cannon and Bayhss weie 
repeated As sequelae, then expeiimental pioceduie has been alteied 
m vaiious ways 

MnnioDS 

The expeniiicntal iniinah in all instances uerc clogs Sodium-barbital, admin- 
istered intravenously, was employed as the anesthetic The amount given was 
0 3 Gm per Kilogram of bocb weight The anesthesia which was produced b\ 
this amount of barbital was sufhcientlj profound to permit of no evidence of 
pain w'hen severe trauma w'as instituted In several control experiments, the 
effect of barbital alone on the blood pressure was determined, and there was 
practically no alteration dining the first fi\e hours follow'ing its administration 
In several animals, there was a rapid decline in the blood pressure shortlv after 
the giving of barbital These c\perniicnts w'ere discarded 

The level of the mean blood pressure w'as used as the criterion of the degree 
of shock This was determined by placing in the carotid arter} a cannula which 
was connected to a mercurv manometer The pulse late and the temperature were 
also determined frequently When the room temperature waas high or low, elec- 
tric fans or warming pads w'ore cmplojcd, in some instances, maintaining the 
temperature of the animal at approximately the normal level 

In all experiments m which the effects of trauma w’ere determined, the injury 
was produced by striking one of the posterior extremities varying numbers of 
times with a hammer The bones were not broken, and most of the blows w'ere 
struck over the thick thigh muscles This method of producing shock is almost 
identical with that described by Cannon and Bayhss 

At the conclusion of most of the experiments m which the effects of trauma 
were studied, the differences m w'eight of the posterior extremities were deter- 
mined It W'as found tint trauma of sufficient severity to cause a low' blood 
pressure produced an extravasation of blood not only into the tissues of the thigh, 
but also into the loose tissues of the giom and flank This observation demon- 
strated the fact that an amputation at the upper part of the thigh would not 
determine the true difference m weight on the tw’O sides The site at w'hich the 
amputations were performed was m the midabdomiinl region The terminal aorta 
and vena cava were divided betw'cen ligatures after making a midline abdominal 
incision extending from the xyphoid piocess to the symphjsis pubis The sym- 
phj SIS pubis W'as divided w'lth a saw This gave ample exposure for the removal 
of the bladder and the rectum The iliac vessels on each side were clamped The 
lower part of the body was then removed from the upper by making transverse 
incisions m the midabdominal region at the same levels on the tw’o sides Trans- 
verse division of the spinal column w'lth a saw completed the amputation The 
low’tr part of the bodj w'as then divided into two equal halves by sawing longi- 
tudinallj through the midline of the spinal column The tail of the animal was 
then remoied Each of the tw'o parts was placed m a \essel, the clamps were 
remoicd, and the weight of each half determined There was practicalh no loss 
of blood during this procedure 

A sample of blood for a determination of the hemoglobin content w is obtained 
before the animal was killed After the posterior extremities were remoicd, an 
incision was made into the leg which had been traumatired, and a sample of 
the blood\ fluid which was present there was obtained for a determination of the 
Iiemoglobin content ^n attempt was then made to collect all of the blood from 
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the two po'.tcrior pints i:7ch ol these wis pliccd in i large basin ^tlnltiple 
incisions were iinile throueh eacli iiid c\cr\ part w is washed thoroughU with 
saline solution The percentage ol the hemoglobin of the fluid in the two basins 
was then dcterninied These figures when dnided b\ the percentage ol the 
hemoglobin ot the blood and nniltiphcd b\ the amount of Hind in the basins gaie 
the amoniit ol blood which was rccoecrcd from the two parts A comparison of 
the percentage of the hemoglobin of blood from one of the acssels with that of 
the liemoglobm of blood troiii the tissues of the traumatized thigh ga\e an 
approMinate idea as to the rclituc losses of red cells and plasma from the cir- 
culating blood 

The procedures other than those just mentioned aaried in the different t\pes 
of experiments and tlie\ will be described m detail along with the induidual 
groups The order m which these different groups of experiments is presented 
Is the same m most instances as that m which the\ were performed This is 
mentioned in order to show the manner in which one t\pe of experiment suggested 
another 

OBSCRt ATIOX'S 

1 The Effects of Tiaitina to One Leg Xo Toiinitquct Applied 
Is one able to piodnce a fall in blood piessuic to a shock level without 
enough hemonhage into the tiauniatised aiea to account foi the decline^ 

Eight experiments of this t>pe were performed Ustialh, approxi- 
mately thirt} minutes alter the barbital was administered, the blood 
pressure was determined as a control One of the legs was then 
traumatized ba striking it a variable number ot times with a hammer 
The blood piessure fell during the initial part ot the trauma, but if the 
trauma was continued for se^ eral minutes longer, it w ould usualh rise 
The rate of the fall of the blood pressure appeared to be almost directlj 
proportional to the amount ot injurN wdneh was inflicted The length 
of time wdneh elapsed between the initiation of the trauma and the 
reduction of the blood pressure to a shock Ie^eI raried in the different 
experiments from one hour and fifteen minutes to six hours and twenty - 
eight minutes Most certain!} this interval could haie been either 
shortened or lengthened b^ increasing or decreasing the se\erit} of the 
tiauma \Vhen the blood pressure reached a le\el ot SO mm oi below 
there w'as alw a} s an evident increase in the size of the traumatized leg 

The amount of barbital wdneh was given alwa}s caused a marked 
acceleration ot the pulse rate The rate usualh declined after about an 
hour even though the leg had been traumatized, and it reached a high 
level again when the blood pressure dropped The temperature ot tlie 
animal usuall} remained at approximatch the same el throughout the 
experiment 

The mean blood pressure immediate]} before the amputation in the 
aarious experiments ranged trom 9 to 94 mm ot mercur\ In three ot 
the expel iments the mean pressure was SO mm or a]io\e In all the 
experiments, the difference in weight ot the traumatized and non- 
traumatizcd sides indicated enoiigli lo-*. ot fluid iroin tlie Iiloor! -tream 



964 


ARCHIVES OF SURGERY 


to account foi the i eduction in the blood piessuie to a shock level If 
It IS assumed that 1 liter (1,000 cc ) of blood weighs 1 Kg , the diflei- 
ence m the weights of the legs expiessed m cubic centimeteis of blood 
vaiied in the eight expeiiments fioin 530 to 960 

The eight animals vaiied m weight fiom 109 to 15 Kg When a 
noimal dog is bled 1 per cent of its body weight at hour intervals, 
the mean blood piessuie is i educed to 70 mm of meicuiy or below aftei 
fiom thiee to four houis In all of the piesent gioup of expeiiments, 
the difference in weight of the two sides amounted to moie than 4 pei 
cent of the body weight The fact that these animals iveie able to 
withstand a laiger pi opoi tionate loss of blood volume when the bleeding 
was into the tissues of the leg than othei animals could tolerate wdien 


Tauli: 1 — The Lfficls of Tiaiiiiia to One Leg \o 1 ounuquet At’fhed 
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bled into a leceptacle is explained by the fact that the peicentage of the 
hemoglobin of the fluid from the leg was lower than that of the hemo- 
globin of the blood stream This indicates a greater pi opoi tionate loss 
of plasma than of red cells The lesults of the eight experiments are 
given in table 1 

The details of one expeiiment aie given m full 

Protocol Weight of dog, 14 Kg At 9 a m, barbital, 4 2 Gm , injected into the 
external jugular vein At 9 32, control mean blood pressure, 121 mm of mercury, 
pulse, 175 , temperature, 101 2 From 9 35 to 9 50, trauma to the right posterior 
extremity with i hammer At 9 53, blood pressure, 100 At 10, blood pressure, 
101 , pulse, 156 From 10 09 to 10 17, further trauma to leg At 10 20, blood 
pressure, 96, pulse, 154, temperature, 100 At 10 49, blood pressure, 116 From 
10 51 to 10 55, further trauma At 10 56, blood pressure, 100, pulse, 128, tem- 
perature, 99 3 At 11 32, blood pressure, 100 From 11 35 to 11 40, further 
trauma At 11 45, blood pressure, 78, pulse, 133, temperature, 99 5 At 12 06, 
blood pressure, 76 At 12 14, blood pressure, 56, pulse, 180 At 12 16, mid- 
abdominal amputation performed The weight of each side and the amount of 
blood recovered from each are given as experiment 3 in table 1 
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It IS to be noted that in these eight expciiments on dogs anesthetized 
b\ baibital the blood pressure was not reduced to a shock le\el b} 
trauma to the leg without causing the loss ot enough of the blood %olume 
local!} to account loi it 

2 Effects of Tianma to One Leg fVhich Has a Tounnqucf Placed 
Tightly Aiound the bpfti Pait of the Thigh, Fcinoial Aifeiy Plot 
Included 111 Touimquct Is one able to pioduce shock ’’ If so, is there 
iiiough hciiiot i hage to accoiti't foi iff 

Two experiments of this t}pe were pertormed After the ammal 
was well anesthetized b^ barbital, the temoral arter} was freed in the 
extreme upper part ot the thigh tor a distance of seAeral centimeters 
A strong rubber tube with a small circumference was placed beneatli 
the arter} This tube was pulled tightl} around the upper part ot the 
thigh and anchored m place b} two strong clamps The leg was then 
traumatized distal to the tourniquet, care being taken to see that the 
tourniquet did not become dislodged so as to constrict the artery In 
order to preient the tourniquet from pressing on the artery, the foot 
was then tied to the arm ot a ring stand, holding the leg upward and 
perpendicular to the bod} of the dog 

The blood pressure tell to a shock lei el in these two experiments 
alter less trauma than was usuall} necessary in the experiments in 
which no tourniquet w^as used Amputation and weighing of the pos- 
terior extiemities showed enough difference in weight to account for 
the reduction in blood pressure 

The details of one experiment are as follows 

Protocol Weight of dog, 16 7 Kg At S 55 a m , barbital 5 1 Gra , injected 
At 9 20, blood pressure, 155, pulse, 163, temperature, 1013 A.t 9 45, blood 
pressure, 152 A.t 10 03, tourniquet placed on tighth, arterj outside At 10 04, 
blood pressure, 154 From 10 10 to 10 18, trauma to the leg distal to tourniquet 
At 10 25, blood pressure, 136 At 10 37, blood pressure, 140, pulse, ISO, tem- 
perature 102 At 10 55, blood pressure 127 At 11 50, blood pressure, 98 
At 12 10, blood pressure, SS, pulse 180 At 12 17, blood pressure, 75 At 
12 20, midabdominal amputation performed eight of traumatized part, 267 
Kg , of nontraumatized part, 196 Kg Difference m weight appro ximateh 710 
cc of blood or plasma Hemoglobin content of blood from the aorta, 65 per cent , 
of fluid recorered from traumatized leg 52 per cent Amount of blood recorered 
from traumatized side, 422 cc , that of blood irom nontraumatized side, 34 cc. 

These experiments show that shock can be produced m an animal 
by traumatizing a leg w Inch has a tourniquet around it, tlie arter} being 
outside, and that there is enough loss of blood i olume locall} to account 
for the reduction in the blood pressure 

3 The Effects of Placing a Touimquct Around the Uppci Pcit of 
the Thigh, Fciiwial Aiici \ Outside Touimquct, Yo Trauma Is a lo-c 
blood pi cssui c pioductd'^ 
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Five expeiiments of this type were peifoiined Aftei the animal had 
been given baibital and the contiol studies had been made the femoral 
artery was exposed in the uppei pait of the thigh Ihe tourniquet was 
placed around the leg beneath the ai tei } 1 he blood pi essure was 
determined at approximately half-houi inteivals 

The leg distal to the tourniquet became s\\ollen in less than an hour, 
but ne^el increased in si7C as much as did the extiemities which weie 
traumatized with a tourniquet on Thioughout the couise of the obsei- 
vations, the blood iiressuie declined slightly in two of the experiments, 
became slightl> elevated in two, and remained the same m one The 
longest period of obseivation was foui hours and the lowest mean blood 
pi essure recoided, at the termination of the experiments, w'as 118 mm 
of meicur} 

These experiments show that leaving the femoial aitei}^ patent and 
tightl} constricting the uppei part of the thigh, without tiaumatizing 
the leg, does not lesult in the pioduction of a low blood pi essure 

Since a maiked constiiction of the upper pait of the thigh uith the 
femoral artery patent lesults in bleeding into the extremity and an 
mciease in its size, but no maiked reduction in blood pi essure, it w'as 
w'ondeiecl if the bleeding into tw'o posteiioi extiemities similaily pre- 
paied would cause a diminution m the blood pi essure 

^ 4 Effects of Ptaciiiff a Touiniguet Aiojind the Uppei Pait of Each 
Posteiioi Exti entity, tvith Femoial Aiteiies Outside and No Tiatnna 
ha lozo blood pi essta e pi od need? 

The jiroceduies were exactly the same as those desciibed for the 
aforementioned group, except that the two i^osteiioi extiemities w'eie 
employed instead of the one Foui expeiiments of this tjpe w^ere pei- 
foimed Both legs became noticeabl} largei wnthm an houi after the 
touiniquets w^ere applied The blood piessuie declined to a shock level 
in all experiments Incisions into the legs at the teimination of the 
experiments showed much hemorihage into the tissues 

Touiniquets applied tighth to both posteiior extiemities, the femoral 
arteiies being left outside, cause a i eduction in the mean blood pies- 
suie to 70 mm of mercury oi less 

It has been stated that the application of a tourniquet to one thigh 
excluding the alter} causes little alteration m the blood pressure wdiile 
a similai proceduie on both posterioi extiemities causes a decline 
Histamine is behe^ed to cause an increase in capillary permeabilitv wnth 
a loss of fluid fiom the blood stream It seemed desirable to determine 
w bethel or not the injection of histamine into the excluded femoial 
alter} after a tourniquet had been placed around the thigh w^otild alter 
the behaMor of the blood pi essure 
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5 LltuP o) Injiitioii ot Jlislawiiit into the Fttnoial Aitciy Whitli 
Is Ontsidi oi a louimqmt Placid .hound the Thigh Scgincnfs ot 
Fitnni Re^iitid Docs tin blood piasuic behove in the •>nmc inannc) 
III a siiiiilai ptociditn i^ithout tin injection of histaniinc^ 

J'hc ongiiia! idea in fins group of experiments was to determine 
\\hcthLi u was possible to produce a low blood pressure b} injecting 
bistainine into the Icmoral arteii of a thigh which was surrounded bj 
a toinmquet the arteri being outside Previous experiments had shown 
tint a low blood prcssiiie was not produced when histamine was not 
injected It was thought that this would gne some mtorination as to 
whether or not a histainme-hke substance was responsible tor part of 
the hemorrhage that occurs when a tourniquet circumscribes the struc- 
tures ot the thigh w itli the exception of the femoral arter\ 

In the first hee experiments ot this group histamine was injected 
into the temoial arteri distal to a bull-dog clip which was occluding the 
arter) temporarih The tourniquet had been placed around tlie tliigh 
betore the histamine was injected The clip was placed on m order to 
guard against the back flow ot histamine m the temoral arten The 
amount ot histamine injected in most instances was 10 mg In three 
of the fi\e experiments there was an almost immediate decline in the 
blood pressme as soon as the histamine was injected In one of the 
experiments there was a drop in the pressure as soon as the clip was 
remo\ed from the arten, and in the remaining experiment the blood 
pressure was not altered b\ the injection of histamine It was endent 
from these experiments that the placing of a tourniquet tighth around 
the thigh does not rule out the possibilitA of the absorption of toxic 
products iiom the part distal to the constriction The most hkeh route 
for the return of the histamine into the general circulation was thought 
to be through the vessels ot the femur 

In a series of eight experiments approximateh 5 cm of the upper 
shaft ot the femur was remored The length ot bone which was left 
attached to the head ot the femur was about 7 cm A tourniquet was 
then placed around the upper part ot the thigh the arterr being excluded 
and histamine was injected into the arten distal to a bull-dog clip 
There was no marked change m the blood prebbure in fire of these 
experiments and there wab a definite decline m three This indicated 
that theie was still in some iiibtanceb the pobsihilitv for the return of 
blood from the extiemitr 

In tom expel iments an mciMon wa" made on the lateral surface 
ot the upper pait of the thigh over the greater trochanter ot the lemur 
\ Gigh saw was placed around the neck ot the femur and the neck 
was divided Approximatelr 7 tm ot the upper part ot the lemur was 
then icmorcd This caii-cd link lo--- ot blood Gaiirc was packed in 
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the cavity that lesulted fiom lemoving pait of the femui The femoral 
artery was then dissected fiee in the gioin, and a tourniquet was placed 
tightly around the uppei pait of the thigh Histamine vaiying in 
amounts from 10 to 26 mg was injected into the femoral artery distal 
to a bull-dog clip No fall in blood pressuie lesulted Neither did the 
removal of the clip fiom the aiterj’- result in any appreciable fall in 
pressure even when the observations were extended ovei a long period 
of time The fact that the histamine remained m the leg was demon- 
strated by lemovmg the tourniquet at the end of the expeiiment and 
noting the abrupt fall m the pressure The fact that histamine causes 
no more fall in pressure when injected under the conditions enumerated 
than does the simple application of a tourniquet, excluding the artery, 
IS demonstrated by comparing these experiments with those m which 
histamine was not injected The results of a single experiment aie 
given in detail 

Protocol Weight of dog, 14 S Kg At 8 50 a m , barbital, 4 3 Gm , injected 
At 9 18, control studies, blood pressure, 116, pulse rate, 180, temperature, 103 
At 9 27, blood pressure, 112 From 9 35 to 9 43, neck of femur divided, 7 
cm of upper part of femur removed At 9 45, blood pressure, 107 At 9 50, 
tourniquet placed around upper part of thigh, femoral artery outside At 9 51, 
blood pressure, 109 At 9 53, femoral artery occluded bj a clip, 10 mg hista- 
mine injected distal to the clip At 9 54, blood pressure, 112 At 9 57, clip 
removed from femoral artery At 9 59, blood pressure, 111, pulse, 180, tem- 
perature, 103 At 10 05, blood pressure, 110 At 10 30, blood pressure, 120, 
pulse, 180, temperature, 102 8 At 11, blood pressure, 128, pulse, 180 At 12 15, 
blood pressure, 123 At 1 20, blood pressure, 110, pulse, 180 At 1 25, tourni- 
quet removed from around thigh At 1 26, blood pressure, 35 At 1 33, blood 
pressure, 34 

Such lesults indicate that the extreme uppei part of the femui must 
be removed in order to be certain that there will be no return of blood 
from the extremity which has a tourniquet around it They also indicate 
that the injection of histamine into an extremity which is suriounded 
by a tourniquet, the artery being outside, does not alter the behavior 
of the blood pressure This last statement is interpreted as meaning 
that there is as much loss of fluid from the blood stream under these 
conditions without the injection of histamine as there is with it 

In the previous experiments in which the effects of the application 
of a tourniquet to one or both legs were determined and also in the 
experiments in which the effects of trauma after applying a tourniquet 
were studied, the possibility of the absorption of toxins from the 
extremity w^as not eliminated The repetition of these experiments 
after removing the upper part of one or both femora appeared to be 
indicated The previous experiments were included m this report 
because the conditions attending their performance more nearly approach 
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the noiiii.il since the lenunal ot jnit of the ienuir is associated with 
a model ite unoimt ol truinia I n^t ho\\e\er, the effects ot the simple 
icnuml Ol tlie upper pirts oi both itmora were determined 

h CovtipJ Lipii.}rcii/\ oil the Efficts of Rcinotal of a Paif of 
tin 1 t iini; OK } tuli Sith Do tin ofnatwas alone cause a fall in btood 
pH <~‘niH ’ 

1 wo experiments ot this t\pc were pcrfoimed The length ot the 
portion of the femur which was remoced in each instance was about 
6 ce In one experiment, the mean arterial pressure was 140 mm of 
meieun bet ore the temora were resected, and the pressure was 130 
mm ot mcrcun seien hours after tlie operation In the second 
experiment the mean arterial pressure was 110 mm immediatel} 
preceding the operation and it was 107 mm six and and one-halt 
hours latei 

These experiments show that parts of the femora of dogs ma\ be 
remored without causing a fall m blood pressure 

7 Eff^ects of a Tourniquet on Leg, Aifciy Outside, After Resection 
of the Up pci Poition of One rcniiti, No Tiaunia Docs a fall in 
blood picssuic icsuU? 

The procedure in these experiments w as the same as that m group 3, 
except that part of the temur was removed m the present ones Four 
experiments of this t) pe w ere performed The duration ot the applica- 
tion of the tourniquet varied in the different experiments from two 
hours and twenty minutes to four hours There was practical!} no 
alteration m the blood pressure, there being a slight rise in tw o experi- 
ments and a slight fall in the remaining two 

In these experiments, as m those in which the femur was not 
resected, the application of a tourmquet to the thigh, the femoral artery 
being outside, did not cause a significant alteration in the blood pressure 

In two additional experiments, an amount of blood was allowed to 
flow' from the carotid arter}' winch equaled 1 per cent of the weight 
of tlie dog The structures of the upper part of the thigh with the 
exception of tlie femoral arterj , w ere then constneted b}- a tourniquet 
The mean blood pressure in one dog was 67 mm after the tourniquet 
had been m place for five hours, and the otlier dog died tw o and one- 
half hours after the application of the tourniquet 

8 Effects of Tourniquets on Both Thighs, Aitcrics Outside After 
Resection of the Pioiinial Portions of Both Fciitara, N'o Trauma 
Docs a fall in blood piessuie result f 

The results of the four experiments of this tipe were the same 
as those in group 4, in which tourniquets were applied to the thighs 
without remoMiig parts of the femora on each side In the first experi- 
ment the mean blood pressure was 73 mm of mercun two hours after 
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the touiniquets had been applied, in the second experiment, the piessure 
was 22 mm two houis and seven minutes aftei the ap])hcation of 
tourniquets, and m the thud and fointh expeiiments the piessures 
were 72 and 77 mm of meicuiy, lespeetuel} thiee houis aftei the 
tourniquets weie placed aiound the thighs 

These expeiiments show that the application of tourniquets to both 
posteiioi extiemities, the femoial aiteiies being outside lesults m a 
marked decline m the blood piessuie 

9 Effects of hmtma tvitli Tom mquet on, Aitov Ont'odc, of to 
Resection of the Uppo Poitiou of One Peinm Does a fall in blood 
pieswie 0 CCU 1 ? If <:o, is tlicie sufficient hcmonhacjc to account foi it^ 


Table 2 — The Effect of Tiauiiia lo One Ltg, reiitin Resected, Tom niquet 
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* Estimate 

The pioceduie in thcbe expeiiments was the same as that in gioup 2, 
except foi the lemoval of the upper pait of the femui Foui expeii- 
ments of this type Aveie pei formed Theie ivas a definite decline in 
the blood pressure in all instances, and the difteience in weight of the 
two extiemities indicated sufficient loss of blood volume to account foi 
the diop in pressuie 

The lesults of these expeiiments aie tabulated in table 2 

The details of one experiment aie as follow^s 

Piotocol — Weight of dog 104 Kg At 9 25 n in barliitil 3 Gm , injected 

At 9 40 control mean arterial pressure 135 mm of mcrcur\ , pulse rate, 120, 

temperature 103 2 ^t 10 05 left femoral arten exposed upper part of left 
femur remo\cd A.t 10 06 blood pressure 137 At 10 II, tourniquet placed 
around upper thigh artere outside \t 10 12, blood pressure 135 From 10 14 
to 10 20, trauma to the left leg distal to tourniquet 'Vt 10 22, blood pressure, 

150 pulse rate ISO temperature 103 At 11 05, blood pressure, 144 At 11 37 

blood pressure, 135 From 11 39 to 11 44 trauma lo left leg At 11 46, blood 
pressure, 114 pulse rate 185, temperature, 103 At 12 05 blood pressure, 64 
At 12 12 blood pressure 52 At 12 13 clip placed on femoral arfere, and 
12 mg histamine iniected distal to clip \t 12 15 blood pressure 47 At 12 16 


A7 il Oi k—! M'LMMl \ I IL SllOCk 


'>71 
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liu^e t\]xnnKiit'' "liow tint 1 low Iilood pa-siirc can be produced 
>} tr.uinntiriii" one lee' ^\lllcll surrounded In a touriuque*^ the artere 
bcine’’ outside and tint the decluu in pressure is due to the bleeding 
into the tissues distal to the tourniquet 

In the succeeding two groujis ot experiments the eftccts ot the 
rcest dihshmcnt of the return circulation from the parts that had been 
occluded b\ lournifjuets n ere determined 

10 Effects of Roiwiol nj the Totn luqint fioiii a Thigh the Fcinoial 
-'litciy of fl huh Had Xnl Bull Ocdiidid (1) W'hin Ao Trauma Had 
Been Influtcd and (2j If Inn the Pait Had Bien Tiatimahaed Does 
Bic u 11102 al o 1 tin touiniqiut laiist a tall in blood pitssiiie^ 

’Ihese two Upcs of exiienmcnts art reported together because their 
results are almost identical In some experiments the temur nas not 
resected nhile in others the upper part was rcmo%ed The results were 
the same whether a part ot the lemur was or was not remoied Eight 
e\periments were pertormed The tourniquet was lett m place for 
periods of time eamng troni one hour and fortt-four minutes to seeen 
hours The blood pressure declined in all instances on remoial ot the 
tourniquet, the greatest immediate fall being 30 mm of mercun and 
the smallest fall S mm The blood pressure was obseiwed tor periods 
tar}ing troin twenti minutes to three hours and forte -'e\en minutes 
following the remoeal of the tourniquet In four ot the experiments 

It became eleeated shghth, and in tour experiments it continued to tall 
slow I 3 

In two additional experiments, the eftects of releasing tourniquets 
■'■^hlch had been placed around both posterior extremities were deter- 
mined The femoral arteries were not included in the tourniquets and 
the extremities were not traumatized Removal of the tourniquets 
resulted m a definite fall in blood pressure in both experiments 

If a tourniquet was again placed around the leg alter it had been 
€ t oft for a wdiile, the blood pressure would usualh rise shghth In 
there was a definite fall in blood pressure lollowing 
I e replacement of the tourniquet 

Release of a tourniquet which had been constricting all of the 
structures of the upper part of the thigh with the exception of the 
emoral arter}, resulted in a fall in the blood pressure The reason tor 
tis was not apparent One possible explanation was that some toxic 
sn stance had been formed in the extremita which when liberated into 
le general circulation caused a fall in blood pressure \nother po-- 
1 31 it\ a Mew which will be anahzed was that the remoial of the 



972 


ARCHIVES OF SURGERl 


constriction allowed blood to flow into the tissues which had been 
compressed in the immediate vicinity of the tourniquet These tissues 
had necessarily become anoxemic, and hyperemia almost certainly 
occuried when the constiiction was released An added possibility in 
the expel iments in which trauma was produced was the likelihood that 
further hemorrhage would take place into the tissues which had been 
previously compressed by the tourniquet It seemed desirable to have 
a method by which the blood could be allowed at will to return from 
the leg without removing the tournicj[uet Isolation of the femoral vein 
in the groin as the femoial artery had been prepared in most experi- 
ments afforded this oppoitunity The lumma of the femoial artery 
and vein could then be opened oi closed as desired by a bull-dog clip 

11 Afte) the Femoial Aiteiy and Vein Have Been Dissected Fiee 
in the Giom, the Vein Being Occluded by a Clip, and a Touiniquet 
Placed Aiound the Thigh Beneath the Two Vessels, a Study of the 
Effects of (a) Removal of the Clip fioni the Femoial Vein of One Leg 
Which Has Not Been Tiaumatized, (h) Removal of the Clips fiom the 
Femoial Veins of Both Posteiwi B\ti einities Which Have Not Been 
Ti aumatised, and (c) Removal of the Clip fiom the Femoial Vein of 
One Leg Which Has Been Tiaumatized Does the leinoval of the clip 
fiom the vein cause a decline in the blood piessinef 

(a) The effects of removal of the clip from the femoral vein of 
a leg which had been constricted by a tourniquet weie determined in 
two experiments The upper part of the femur was removed before 
the tourniquet was applied, m one of these experiments, and the femur 
was left intact in the other The thigh was constricted by the tourniquet 
for three hours, in one experiment, and five hours in the other, before 
the clip was removed from the vein Removal of the clip from the 
vein resulted in a temporary rise in the blood pressure The blood 
pressuie then slowly declined and remained at approximately the level 
that existed before the clip was removed from the vein 

(b) The effects of removing the clips from the femoral veins of 
the two posterior extremities which had been constricted by tourniquets 
were determined m three experiments The upper parts of the femora 
were removed m two of these The results were approximately the 
same m all experiments The blood pressure rose about 10 mm of 
mercury as soon as the clips were removed from the veins A slow 
diop in the pressure followed this initial rise, but the decline was no 
more rapid than that which had been taking place before the clips were 
removed The \ ems were again occluded by clips after varying intervals 
of time, and no elevation of the blood pressure was observed 
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i lu (ktniK oi om (.Njuiinunt iic is lollows 

rrotoci'l os do 17'^ Ki; \t 8 -10 n iii birhitil 5 4 Gni iiijil ed 

lUo cMiiisd lu^ulsr \sisi \t 18 loatrol Mood pr^'-Mirc, 105 piiki. loU 
tciiipcntisrc 102 2 Irons o to 10 7 nit oi iijspcr c.id ol eich femur 
rcino\Ld \t 10 O' Mood prc'-sstrL 112 pul=e 14!, Icmpcnturc, 1018 Vt 
10 12 lou'-itiquciv nisplied to hoth ihieli'- teninril irten "ind \cin not occluded 
l'\ touriSKpici Sdtioril \ci i onh’did 1)\ n tlip \t 10 Is blood prcs'^iire, llS, 
puMc 144 \{ 11 blood pris'iire I'l, ptiMc Ids 12 blood prcbsurc 108 

teisipcnture 102 8 \t 12 K' blood pressure ^4 piihc ISO A.! 1, blood pre”;- 

^urc 80 \t 1 14 blood pressure 77 ptiMc I'^O, teiiipernture, 103 At 1 15, 

clips reiiioeed Irons the feiiiunl eetns \t 1 16, blood pressure, 88 At 1 20, 

blood pressure 80 \t 1 2s blood pressure 70 \t 1 30, blood pressure, 73 
U 1 42 bluod pressure \t 2 01 blood pressure 62, pulse 195 At 2 25, 
blood pressure 54 puKe 18s \t 2 46 bloou pressure '0 Vt 2 47, lemoral 

^ellls occluded b\ clips \i 2 4') blood pressure 47 \t 3, blood pressure 49 

3 15 blood pressure 4s \i 3 30 bloe'd pressure, 45 At 3 34 clips 
rcmoeeel iroin \eins puNc 190 tcinpcr'iturc 103 \t 3 35, blood pressure 56 
At o 40 blood pressure 4^ \t 4 blood pressure 46 \t 4 oO, blood pressure 44 

(c) Light experiinctUs ot this fvpe were pertormed The procedure 
in these experiments w as as follow s The femoral artei t and r ein 
■"ere exposed and freed m the giom The upper part ot the femur, 
approximateh 7 cc , w as remot ed The femoral ^ em w as then occluded 
bj a bull-dog clip In some of the experiments, the femoral arteiw 
was occluded temporarily b\ a clip A tourniquet was then placed 
beneath the femoral arter^ and \em and it was pulled tighth around 
tlie upper part of the thigh The leg was then traumatized distal to 
the tourniquet w ith a hammer 

If the femoral arter}, as well as the rein, was occluded b} a clip 
during the traumatization and for a considerable period thereafter, 
there was no tall m the blood pressure until the occlusion of the arterr 
was released In fact, the blood pressure became elevated m all instances 
abore that obsened during the control period '\^^^en the clip was 
remored from the artei}, the blood piessure declined rapidh at first 
and later more slowl} 

After the blood pressure had been reduced by rar}ung amounts as 
a result of the trauma, the clip was remored from tlie femoral rein 
In six of the eight experiments, the beharior of the blood pressure was 
the same There w'as an immediate small rise in the pressure as soon 
as the clip w as remor ed from the vein, and after this tliere w as a slow 
drop m the pressure This decline m pressure was not so rapid as 
tliat wdiich had been taking place before tlie occlusion of the r ein w as 
released In tliree of the six experiments, the arten and the rein 
were occluded after the effects of releasing the occlusion of the rein 
had been determined The blood pressure continued to fall in all ol 
these 
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The details of one of the six expeiiments follow 

Protocol Weight of dog, 11 7 Kg At 8 50 a m, barbital, 3 6 Kg, injected 
At 9 05, control blood pressure. 111, pulse, 192, temperature, 1012 From 9 40 
to 9 46, 6 cm of the upper end of the left femur removed At 9 50, blood 
pressure, 112 At 10, tourniquet on, artery and vein outside, artery and vein 
occluded by bull-dog clips At 10 02, blood pressure. 111, pulse, 170 From 

10 05 to 10 15, trauma to left leg At 10 22, blood pressure, 131 , temperature, 
998, pulse, 180 At 10 24, clip removed from the femoral artery At 10 27, 
blood pressure, 109 At 10 35, blood pressure, 85, pulse, 180, temperature, 1008 
At 10 42, blood pressure, 85 At 10 52, blood pressure, 90, pulse, 110 At 

11 12, blood pressure, 94, pulse, 108, temperature, 1013 At 11 32, blood 
pressure, 88, pulse, 115 At 11 50, blood pressure, 80 At 12 10, blood pressure, 
68, pulse, 110, temperature, 1014 At 12 14, blood pressure, 58 At 12 15, 
clip removed from the femoral vein At 12 16, blood pressure, 64 At 12 20, 
blood pressure, 66, pulse, 110 At 12 22, blood pressure, 65, pulse, 110, tem- 
perature, 101 2 At 12 31, blood pressure, 55 At 12 39, blood pressure, 51 , 
pulse, 170 , temperature, 100 7 At 12 45, blood pressure, 52 At 12 47, blood 
pressure, 52 At 12 48, femoral artery and \em occluded At 12 50, blood 
pressure, 52 At 12 53, blood pressure, 48, pulse, 180 At 1, blood pressure, 38, 
pulse, 205, temperature, 100 8 At 1 10, blood pressure, 38 At 1 25, blood 
pressure, 38 At 1 35, blood pressure, 34 At 1 36, clips removed from arterv 
and vein At 1 39, blood pressure, 38 At 1 51, blood pressure, 32 At 1 52, 
clips on femoral artery and vein At 1 52*4, 10 mg histamine injected into 
femoral artery distal to the clip At 1 55, blood pressure, 33 At 1 57, blood 
pressure, 32 At 1 58, clip removed from femoral vein At 1 59, blood pressure, 

II At 2 01, animal dead, a midabdominal amputation performed Weight of 
traumatized side, 2 01 Kg , of nontraumatized side, 1 50 Kg The difference in 
weight of the two sides, 0 51 Kg, corresponding to approximately SlO cc of blood 
Hemoglobin of blood, 62 per cent Amount of blood recovered from traumatized 
side, 492 cc , of that from nontraumatized side, 35 cc, a difference of 457 cc 

This experiment, which is typical of the other six, shows that the 
reestablishment of the venous return from the traumatized part, at 
least in these experiments, does not cause an acceleration of the fall 

III the blood pressure The fact that the blood pressure did not fall 
when histamine was injected into the aiteiy when the vein was occluded 
indicated that the tourniquet was preventing the return of any blood 
from the part The fact that the animal died as soon as the clip was 
removed from the vein after the histamine had been injected, indicated 
that the vein was still capable of transporting blood from the extremity 
back into the general circulation A record of the blood pressures 
which were obtained m this experiment is given m figure 1 

As stated preiiousl)", theie was an immediate decline m the blood 
pressure when the clip was removed from the vein m two of the eight 
experiments In one of these, the pressure dropped rather slowly, and 
the animal lived for more than two hours aftei the occlusion of the 
^em was released In the other experiment, the animal died nine 
minutes after the clip was removed from the vein The mean blood 
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pressuie had been 74 mm of meicuiy immediatk} befoie the vein was 
released The reason for the sudden death was not determined The 
mean blood pressure had dropped from 144 to 74 mm of mercury 
(luring the fifty-four minutes preceding the release of the venous 
occlusion, but even with such a lapid decline, it is not likely that the 
sudden death was due to hemorihage alone It is possible that sodium 
citrate was forced into the artery ivlien the arterial cannula was washed 
out four minutes piioi to the termination of the experiment It is also 
possible that a toxic substance was formed in the injured area which 
when liberated into the general circulation caused death 

The great majoiity of the experiments in this group indicate that 
the 1 eestablishment of the A^enous return from an extremity which is 
constricted in its upper part, except for the aitei}' and vein, does not 
cause a moie rapid decline in blood pressuie than would have been 
expected had the vein remained occluded The same i esults ivere noted 
in the experiments in which traumatization was an added factor 

12 The Effects of Occhiding the Terminal Aoita and Vena Cava 
afte) the Ai tei lal Blood Pi essni e Has Been Reduced by Ti aninattzatwn 
of One Postenoi ExU entity What effect has this on the blood 
pi essni e ? 

The teimmal aorta and vena cava were occluded m seven experi- 
ments in which the blood pressure had been reduced varying amounts 
by traumatization of one posterior extremity The lei'^el of the mean 
arterial pressure just prior to the occlusion varied in the different 
experiments from 106 to 44 mm of meicuiy The blood pressure 
continued to fall in four of the experiments, became eleA'-ated in tAA'-o, 
and remained stationary in the other experiment 

Cannon and Bayliss reported the experimental production of a Ioav 
blood pressure in cats by occlusion of the terminal aorta for one hour 
The lepetition of this experiment on dogs AA^as the next step undertaken 

13 The Effects of Occlusion of the Tenmnal Aoita foi One How 
Is a low blood pi essni e pi odneed by releasing the occlustoiV 

The terminal abdominal aorta Avas occluded for one hour by a 
ligature and a bull-dog clip in each of three experiments During the 
period of occlusion, the blood pressure either rose slightly above that 
obserA^ed during the control period or remained approximately the 
same In one experiment, folloAvmg the release of the occlusion of 
the aorta, the blood pressure remained at approximately the same level 
as that obserA ed during the control period, m one it Avas slightly higher, 
and m the remaining experiment it A\'as slightly loAver 

12 Cannon and Bailiss (footnote 11, page 21) 
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III thrive c\pi.nni(.ins th(_ (.fttets oo the hlood pitssurc ot occlusion 
ot the tcnninal intciinr \ctn t'i\n lor an hour t\ere determined The 
'ilter.uion m hlood prissun, which accompanied this procedure nas less 
than that which attended tlic closmu and opcinnit ot the aorta 

Oechmon ot the terminal abdominal aorta or interior aena car a 
ot the dno jor lionj- did not result in the production ot a low blood 
pressure 

Cannon and Baaliss^^ lonnd that massage of a damaged muscle 
results m a further tall m the blood pressure This expenment \aas 
repeated and su]a]demcntcd m the next group ot observations 

14 The Effects of MassaOi of the Ti ainnaiiscd and N onfrauniatizcd 
I!' hat effect doa Dtassage haiL on the level of the blood 
ptcssiuc? 

The eftccts of massaging the leg aalnch had been traumatized and ot 
massaging the opposite extremita which had not been traumatized were 
determined man} times in sea eral experiments In almost all instances 
massaging either extremity caused a fleefang reduction in the blood 
pressure The greater decline in pressure resulted from massage ot 
the extremit} avhich had been traumatized "When the nontraumatized 
extreinit} w as massaged first it caused almost as great a decline in 
pressure as did massage one minute later of the traumatized extremin 
^Vhen the traumatized extremit} was massaged first, the decline in t e 
pressure was definitel} greater than that which resulted trom subse- 
quent massage of the leg wduch had not been traumatized The figures 
for the decline in pressure expressed in millimeters ot mercun tlirra^ i 
out the course of one experiment are as tollou s Nontraumatize o 
traumatized 18, traumatized 22, nontraumatized IS, nontraumatizeid 
24, traumatized 28 , traumatized 30, nontraumatized 13 , nontraumatized 
14, traumatized 16 A record of the blood pressure which shows the 
effects of massage is presented in figure 2 

In two additional experiments, the upper part ot one femur 
remoeed, and a tourniquet was placed around the upper part ot tie 
«i>gh The femoral arter} was not included m the tourniquet .\o 
trauma w'as instituted After more than an hour, first one extremi , 

Cannon and Ba\hss (footnote 11 
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and then the other was massaged In one experiment, massage of 
eithei of the postenoi extremities caused a reduction in the blood 
pressme The decline was slightly greater on the side that was not 
occluded by a tourniquet In the othei experiment, there was no 
definite reduction m the piessure which was caused by massage of 
either extremity 

These experiments show that massage of either the tiauinatized or 
the nontraumatized extremity usually causes a temporar} i eduction in 



Fig 2 — Effects of massage of the traumatized and nontrauimtized extremities 
The curve reads from left to right T stands for the traumatized extremity and 
NT for the nontraumatized one 


the blood pressure, the greater decline occurring after massage of the 
traumatized side 

An attempt was next made to obtain further evidence of the pres- 
ence or absence of a depressor substance by transfusion experiments 

15 The Effects of the Injection of Blood fioin Doqs in IVhich the 
Blood Piessuic Had Been Lozvcied bv Tiaunia to an Eiti entity ‘into 
(a) a Noiinal Dog (b) a Dog in JVhich the Blood Pi asm e Had Been 
Lozecicd by Hcnioi Hiage and (c) a Dog in IVhirh the Blood Picssnrc 
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>._ fifinor in tlm txjiLnnKiU iiad ind tlie blood pressure reduced 

one^^ ”nrcur\ v\,,tolic ind 67 nun dnstolic be trauma to 

'^P[>^<J''<”iatel\ 200 cc ol blood was obtained trom this 
ot bl follow ins,'' the iinection ot «aliiic «olution, an additional 300 cc 
00 was w niidi aw 11 1 he blood w is defibrinated and kept warm The 
cipicnt wciglicd 10 5 Kg At 4 30 p m barbital 3 5 Gm , was gl^en 

. control blood pressure was 150 nun of mercura s\stolic 

(.J, . ' diastolic From 5 30 to 5 33 the animal was bled 300 

. ^ the blood pressure was 25 nun, srstohe and 20 mm, 

froni^ ^’"oni 5 35 to 5 38 500 cc ot blood which had been obtained 
the trauinatned dog was allowed to run into the external jugular 
5 recipient At 5 38 the blood pressure was 170/150 at 

It was 120/86, at 5 55, 130/90 at 6 03, 140/90 at 8 40 14 

hours later 144/IOO 


t hlood pressure was produced in two dogs b\ trauma 

16 posterior extremities The dogs each weighed 8 Kg At 12 28 
> me mean blood pressure of dog A was 50 mm of mercurr and 
of dog B was 51 mm At 12 29, the proximal end of the carotid 
^1} of dog B was connected to the proximal end of the external 
dog A At 12 31, the blood pressure of dog A was 90 
g, - 34, dog B died At 12 34, the blood pressure of dog A was 
l^j 3/ , the blood pressure of dog A w as 88 At 12 55 the 

P^^^sure of dog A was 72 At 1 17, the blood pressure of dog A 
^ The experiment was discontinued Dog B died shortli after 
3-rterj was connected to the vein of dog A, and it is likeh that the 
uiimnt of blood that passed from B to A was not great 

CMdence for the existence of a depressor substance m the blood 
tio ^ “nluch the blood pressure had been reduced bi traumati/a- 

Uas found m these transfusion experiments 
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16 The Ejects on the Maa oscopic and Mta oscopic Appeal ance of 
the Gallbladdei of (1) the Intiavenous Injection of Histamine, and 
(2) Tiaiima to an ExUenuiy Is an alteiatwn m the appeal ance of the 
gallbladdei piodiiccd by eithei one oi both of these pi ocediti eA 

Bradburn and Blalock found that the intravenous injection of his- 
tamine in amounts sufficient to produce a sustained lowering of the 
blood piessure causes changes in the gallbladder The usual bluish 
appearance of the gallbladder is lost and it assumes a whitish color 
The walls of the gallbladder become thickened , the gallbladder decreases 
m size and contains less bile Microscopic examination shows a great 
deal of edema No alteration in the appearance of the gallbladder was 
produced m any of the experiments reported here, except those in 
which histamine was injected 

Injection of histamine causes alteiations in the gallbladder Trauma 
to an extremity produces no such change 

COMMENT 

“A primary consideration in the experimental study of natural 
phenomena is that the lepioduction of the phenomena undei controllable 
conditions shall resemble as closely as possible the occui rences in nature ” 
This statement quoted from Cannon expi esses the opinion held by 
Cannon and Bayhss to the effect that the ciicumstances which attend 
the experimental production of shock by trauma to extremities are more 
closely compaiable with those in some cases of shock in man than those 
when a low blood pressuie is produced by other methods It is certain 
that no operation on the intestinal tract of the human being is asso- 
ciated with as much trauma as is necessary for the experimental pro- 
duction of a low blood pressure by intestinal manipulation It is 
extremely difficult to produce shock experimentally by injury to the 
central oi peripheral nervous system A low blood piessure is com- 
paratively easily produced experimentally in animals by tiaumatizing 
large areas of muscle Tins method lends itself to contiollable condi- 
tions more readily than any other The method is objectionable as are 
all means in uhich gross injury of tissue is produced, in that the experi- 
ments must be performed on animals that are continually anesthetized 
or on decerebrate animals 

iNIany comparisons will be made in this discussion between the 
results reported here and those obtained by the “Shock Committee, 
Cannon and Bayhss, in patricular Attention will be focused largely 
on die “toxemia theory of shock,” because most of the recent expen- 

14 Bradburn and Blalock Unpublished results on the effect of histamine 
upon the gallbladder 

15 Cannon (footnote 3 page 142) 
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niciml ^^ork In', supported it ind iiunuse nn iicr.onal u 
jmdcifnking tlin ^\ork ^\^s tint it ollcrcd the most satistactore 
>011 lor the initiation ni c\Lnts kndm- to the production ot a 
Jood pressure and tlie associated ol)ser\ations This opinion n, r 
supported 1)\ tlic experimental work herein reported 

'Ihe expenments ol Cannon and Bniiiss” were pertormed on cats 
anestheti/ed b\ etlnl carhunate ( uretlirne) An iron block was placed 
a one side ol the thi"h and the flexor s^roup ot muscles was struck 
or se\ en times w ith a hammer, “so that thev w ere ruptured and 
seiereh bruised In most instances, tlic skin was not broken and 
le lemur was not fractured Regarding the condition which was pro- 
uce b\ the traumatiration, thc\ stated ‘ -Vs tune passed alter tlie trau- 
niatization, tlie muscles underw ent much sw elling , and at autopse tliere 
toimd iar\mg amounts ot extrarasated blood In no case, howeier, 
''as there sufficient bleeding into the wounds to account, bi itselt alone 
or the eftects obsened ’ The amount of bleeding into the injured 
oxtreniiti w as detennined b\ Cannon and Ba\ liss bj remm mg tlie tw o 
"o limbs b^ sjmmetrical cuts and weighing them In the expen- 
^^ere performed at a later date b^ Cannon,^'' dogs and 
ra Its as well as cats were used Ether was emplojed as the anes- 
'6 1 C m these experiments and the amount ot etlier which was used 
reduced after the blood pressure had readied a fairl} low leid 
aniion stated, “The de\ elopment of the low blood pressure after tissue 
injurj was proved not to be due to loss of fluid from the sjstemic 
circulation, by carefull) skinning the posterior extremities after death, 
isarticulating the legs at the knee and remonng the thighs at the hip 
y symmetrical cuts through the tissues , the thighs w ere then w eighed ’ 
c found that tlie difference m weight of the two sides was as low as 
per cent of the estimated w eight of tlie blood of tlie animal 
The results of the experiments reported here are seemingh contrary 
fo those of Cannon and Bar Iiss The reason for this discrepancj is 
not apparent, as the methods which were emploied in producing the 
edine m blood pressure are almost identical The most hkdi explana- 
tion for the discrepancj' is behei ed to be that it is due to tlie difference 
m the methods w hich w ere emploj ed m the determination of the w eights 
of the traumatized and nontraumatized parts Tlie tw o extremities w ere 
^putated by Cannon and Bajliss bj sjmmetncal cuts across the thighs 
lere are sei eral objections to tins method It is impossible to be sure 
lat the lei el of the amputation is the same on the two sides because 
n the thick lai ers of muscle there and because of the irregular contour 
n ffie thig h After a thigh has been traumatized seiereh, it is not 

Cannon Some Characterises of Shock Induced b\ Tt^ le Inj n 
Shock Committee Medical Research Committee no 26 p 27 M-'c 
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possible to cut acioss it without the loss of some blood Tiauma to a 
thigh results in some bleeding into the loose tissues of the groin and 
flank, and this blood is not included in the amputated pait when the 
incision IS made across the uppei pait of the thigh These objections 
were ovei come m the pi esent experiments hy pei forming the amputa- 
tion m the midabdominal region aftei ligation of the abdominal aoita 
and vena cava and clamping of the iliac vessels on both sides In con- 
trol expel iments in which no trauma was instituted, the weights of the 
two paits weie piactically identical The dififeience m weight of the 
parts in all experiments in which a low blood prcssuie was produced 
by trauma to one extiemity amounted to at least 4 pei cent of the body 
weight 01 almost half of the calculated blood volume The level of the 
mean aiteiial piessuie at the time of amputation in three expei iments 
was 80 mm of meicuij^ oi above, which indicates that hemoirhage 
initiates and is not one of the subsequent events in the declining blood 
pressui e 

In some of the expei iments of Cannon and Bayliss,^^ the spinal cord 
was transected above the lumbar plexus so that all the nerves to the 
leg which was to be injured weie severed Tiauma to the deneivated 
extremity then resulted in changes similar to those obtained in expei i- 
ments in which the nei ve supply was intact Cannon and Bayliss stated, 
“The chief inteiest of the results obtained lies m the demonstration that 
they are not due to nervous reflexes but to the absoiption of some toxic 
substances given off by the injured tissues ” It did not seem necessary 
to repeat these observations in the pi esent expei iments because hemor- 
ihage was sufficient to account for the i eduction in blood pressui e in 
the piesence of an intact neive supply and it most ceitamly would have 
been sufficient in a denervated extiemity 

The experiments which were performed by Cannon and Bayliss 
were latei repeated by Bayliss^" He found that a low blood piessuie 
could not always be produced in strong healthy cats by traumatization 
of an extremity He removed 15 per cent of the blood volume of cats 
in which the blood pressure had been reduced by traumatization, but in 
which a spontaneous recovery was appaiently taking place The blood 
pressure was lowered greatly by the loss of blood, and he stated, “The 
loss of this amount of blood is rapidly recovered from by the uninjured 
cat ” However this is not proof of the presence of a depressor sub- 
stance, since bleeding a dog of 15 pei cent of its blood volume produces 
a Ion blood pressure, provided there has been a considerable amount 
of blood lost previously This was demonstiated in some of the experi- 
ments reported here The tight application of a tourniquet to the 

17 rurtlicr Obsemtions on the Results of Muscle Injuo and Their 

Treatment Report of Shock Committee IMedical Research Committee, no 26 
pp 23-26, March, 1919 
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renio\e(l niul the leiiioi il iilen Ins l)een plaecd outside tlit t 'ii- 
tion ctuises little nltention in the le\el ol the blood pressure It liti t 
the tournupiel is ajiphed blood is reino\ed iroin the nniinal ulnen 
amounts to 1 per cent ot its both weight or a[)pro\innteh 15 per cent 
ot Its blood \oluine the blood i>re^sure iisualh tails to a low let el alter 
the tourniquet Ins been in phee loi i long while This decline m blood 
pressure takes jihee without ant gioss trauma and without the possi- 
bihtt for the letiirn of ant depressant substance trom the extrenntt 
The absence ol ant return ot blood trom the extrenntt was demonstrated 
when the injection ol histamine into the lemoral artert produced no 
alteration m the blood pressure \ similar tall m blood pressure was 
obtained without inducing external hemorrhage bt constriction ot both 
thighs bt tourniquets bt the method described Here again there was 
neither trauma nor possibihtt ot the return ot depressant substances trom 
the extiemities Alow blood pressure was produced bt traumatization ot 
an extrenntt distal to a tourniquet which constricted all the structures 
ot the upper part of the thigh except the femoral arten The upper 
part of the femur was remoted m most of these experiments and tlie 
injection ot histamine indicated that there was no return ot blood from 
the part Amputation and weighing ot the extremities showed that 
there was enough loss ot fluid trom the blood stream into the trauma- 
tized leg to account tor the reduction m the blood pressure 

Cannon tound that the blood pressure tailed to fall at the usual 
time following muscle injure it the blood eessels to the injured area 
w ere tied These obsere ations w ere confirmed in the present expen- 
nients In one ot these, the thigh was constricted be a tourniquet and 
the femoral artere and eem eeere occluded be clips tor almost fiee hours 
tolloeeiiig the initiation of the trauma The blood pressure eeas higher 
at the end of this period than it had been betore the leg eeas trauma- 
tized In one ot Cannon s experiments the occlusion ot the e essels 
was released thirte -three minutes after the traumatization and a tall 
HI blood pressure resulted He stated ‘The experiment just mentioned 
(fig 2) indicated that some substance gi\en oft trom the iinured 
tissue was the cause of the drop m pressure for the permanent tall 
occurred onh where the blood was permitted to flow in and out ot 
the damaged region thirti -three minutes alter the traumatism The 
present experiments hat e indicated that it i*- not ncccssar\ lO ha^ e the 
blood flowing out of the damaged region in order to ol)t''m a decline m 
the blood pressure The presence ot a patent icinoral arter\ which 
allows the hemorrhage to take place is all that i~ iieee—are The expe i- 
nieiit reported b\ Cannon in whieh the occlusion oi the arterK- and 
^elns Was released did not mdieate ntccss-irih that the < eeh le in p-e-- 
'■nre was due to sonn depress^nt substaiiee gnei oiT In the mn -en 
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tissue, for hemorrhage occuis after trauma m the presence of a patent 
artery regardless of whether the veins are oi are not gccluded In 
further experiments, Cannon ligated the blood vessels of an extremity 
after a low blood pressure had been produced by traumatization He 
found that the blood pressure might begin to rise after the r^essels were 
ligated and that the pressure, m some instances, reached the level which 
existed before the trauma It is known that hemorrhages of moderate 
severity are followed by a dilution of the blood in an attempt to restore 
the blood volume to the previous level In the experiments m group 
12, described in this paper, the terminal aorta and vena cava were 
ligated after the blood pressure had been reduced varying amounts by 
trauma to an extremity The effects of this procedure were variable, 
in some instances there was a continued decline and in others a rise in 
the blood pressure The impression was gained that the behavior of 
the blood pressure depended on whether or not a dilution of the remain- 
ing blood volume took place If the decline m the blood pressure were 
due entirely to the action of some toxin, then the blood pressure would 
probably rise in all instances when the pathway for the return of this 
toxin into the general circulation was occluded, provided that the pres- 
sure had not been reduced to a low level foi a long period of time 
Evidence for this was not obtained m the piesent experiments As 
regards the spontaneous rise in the blood pressure which may occur 
after small amounts of trauma, Cannon stated, “If the tissue damage 
has not been too great, the pressure may fall to less than 100 mm of 
mercury, and then spontaneously rise to the former level This result 
seems to indicate that the toxic material is limited by the amount of 
injury, and that after it has produced its depressant effect the pressure 
rises because no more of the material is being produced ” The present 
work indicates that the following would constitute a more likely explana- 
tion Trauma of sufficient severity to the anesthetized dog to cause 
a decline in blood pressure produces an extravasation of blood and 
fluid into the injured tissues The amount of hemoirhage is con- 
trolled by the amount of the injury which is inflicted The rapid loss 
of part of the circulating blood volume causes a reduction in the blood 
pressure The blood volume increases owing to dilution of the blood 
after the hemorrhage has stopped, provided that the blood pressure has 
not reached too low a level The increase in blood volume results in an 
increase in the blood pressure 

Cannon and Bayliss found that a marked reduction in the blood 
pressure occurred when a clip which had been occluding the terminal 
abdominal aorta for an hour was removed In the one experiment 
which they report, the terminal aorta of a cat under urethane anesthesia 
was occluded for sixt} -two minutes The average blood pressure dropped 
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to 65 mm shortlj alter the clip ^^as removed After tvventv minutes 
It had risen to 82 mm and it remained at this level for fort} -five 
minutes Thev stated “This experiment show s that the material svv ept 
out ot a muscular portion of the bod} b} tire returning blood contains 
V arious metabolites vv Inch low er the blood pressure ’ ^^fith a procedure 
similar to theirs three experiments were performed on dogs and the 
results are reported in the paragraphs dealing with group 13 The 
aoita was occluded for the same length ot time The difference m the 
two procedures is that the experiment reported b} Cannon and Ba}liss 
was performed on a cat anesthetized b} eth}l carbamate while the 
experiments reported here were pertormed on dogs anesthetized with 
barbital The results w ere different The blood pressure rose abov e 
the level observed during the control period when the aorta was 
occluded Following the release of the occlusion, the blood pressure 
assumed a level which w'as approxiinatelv the same as that observed 
during the control period These experiments present no evidence for 
the formation of a toxic material as a result of the temporarv suppres- 
sion of the blood supph The small alterations m the blood pressure 
on release of the occlusion inav be due to a dilatation of the vessels 
of the posterior extremities as a result ot the local lack ot oxvgen that 
had been present 

It was found m the experiments m group 10 that the removal of a 
tourniquet which had been occluding all of the structures of the upper 
part of the thigh except the femoral arterv resulted m at least a tem- 
porarv' reduction in the blood pressure This alteration in the pressure 
occurred whether the leg had or had not been traumatized It was 
believed that the most hkelv explanation for the decline in pressure 
was either that it was due to the passage ot some depressant substance 
troin the traumatized part into the general circulation or that it was 
due to the filling up with blood of the vessels which had been com- 
pressed in the immediate neighborhood of the tourniquet Ev en though 
a narrow tourniquet was used, its application around tlie thickest part 
ot the thigh rendered a rather large mass ot muscle practicaih blood- 
less It would seem that the amount ot blood which would return from 
the lemoral vein of the leg in which stasis had been produced v\ould 
more than compensate for the return of blood to the part which had 
betn rendered anemic It was thought (hat information could be gamed 
as to whether the decline m pressure was due to the ahsoriition oi some 
toxic substance or to a locil alteration m the circulation In changing the 
experimental procedure so that the tcmoral vein could he ociludcd or 
opened as desired and the tourniquet could he lelt m jilacc Tins wa^ 
elone In placing the lemoral vein a« well as the feiiio-al artere out--ide 
the tonrmqiut Keleise oi the ocelu-ion <ii the lernord lein aite- tE 
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tourniquet had been in place foi vaiying peiiods of time lesulted in a 
tempoiaiy use m the blood pressuie in six of the eight experiments 
Aftei this initial use, the blood piessuie declined no moie rapidly than 
before the clip was removed fiom the vein The patency of the vein 
was demonstrated by the injection of histamine into the femoral artery 
at the termination of the expeiiment It is believed that the decline in 
blood pressuie which followed the removal of the tourniquet was not 
due to the action of some depressant substance, because if it weie, a 
similai lesult should have followed i establishment of the circulation 
through the femoial vein of a leg which was occluded by a tourniquet 

Cannon and Bayhss found that massage of muscles which had 
been injuied caused a fuithei fall of the blood piessure They state, 
‘In connection with the facts given above, it is of interest to note that 
massage of damaged muscles, unless a nerve happens to be pinched, 
lesults m a fuither fall of blood piessuie The phenomenon has piob- 
ablv some significance in i elation to the increase of shock produced m 
cases of fiactuie of the femui when the limb is not adequatelj' suppoited 
dui ing ti ansit to the casualty cleaning station ” It was found in the 
piesent expeiiments that massage of a traumatized extiemity usually 
causes a tall in blood piessuie, but the decline is only a momentaiy one 
and a diop is obtained by massage of the opposite noimal extiemity 
The decline is usually gieatei when the tiaumatized pait is massaged 
The fact that the piessure declines tempoiaiily when eithei extiemity 
is massaged is believed to indicate that the massage in some way alteis 
the cahbei of the vessels locally with a lesultant change m the aiteiial 
pressure The movement of a bioken femui may in some ways simu- 
late manual massage of tiaumatized tissues Howevei, it seems more 
Iikel) that the deleteiious effects are due to fuithei bleeding caused by 
injuiy to the soft tissues near the shaip bone fiaginents 

The transfusion expeiiments which aie leported heie coiioboiate the 
observations of Smith, who peifoimed similai expeiiments He ligated 
the femoral artery and vein of one leg and then tiaumatized it One 
houi and fifteen minutes aftei the traumatism, the clip was removed 
from the femoial artery and 25 cc of blood was withdiawn fioin a 
branch of the distal end of the clamped vein The blood pressure fell 
20 mm of mercury The blood was then injected into the femoial 
\eni of the opposite side, and the blood pressure rose to the original 
le\el In another expeiiment, blood was obtained from a femoral vein 
of a traumatized extremity and injected into the femoial vein of a dog 
which had been bled 15 pei cent of the calculated blood volume He 
stated, “The transfused blood failed to produce any appreciable effect in 

IS Smith M I Studies on Experimental Shock with Especial Reference to 
Its Treatment J Pharmacol & E\per Therap 32 465, 1927-1928 
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the recipient ’ Neither the experiments ot Smitli nor those i^hich are 
reported in this paper pro\e that a depressant substance is not present 
in small amounts in the blood obtained from the traumatized part The 
effects due to increasing the blood volume of the recipient ma} o\er- 
balance the action of a depressant substance, if such is present Hoi\- 
ever, neither do they present evidence that a toxin is present 

McIa er and Haggart pertormed cross-circulation experiments in 
an effort to determine if trauma to muscles gives rise to a substance that 
lowers tlie blood pressure The posterior extremities of one cat uere 
traumatized alter ligation of its abdominal aorta and lena caia A 
mid-abdommal amputation was then performed on this animal and the 
distal parts of the abdominal aorta and vena ca\a were connected to 
the proximal aorta and vena cava of a cat w ith a normal blood pressure 
The blood pressure of the latter animal m most expenments declined 
to a shock le\el within thirtj minutes No conclusions can be drawn 
from these experiments because the aorta and lena caia of the first cat 
w'ere ligated before the trauma w^as instituted This allow ed the second 
cat to bleed into the traumatized extremities of the first one after the 
anastomoses were made An effort was made to repeat these expen- 
ments, the extremities being traumatized before ligation of the aorta 
and vena car a The attempts failed because of clots that formed m 
the cannulas connecting the ^ enae ca\ ae 

Man} statements are found m the reports b} ph} siologists and clini- 
cians published during and immediate!} after the war concerning the 
importance of differentiating betw een “shock” and ‘hemorrhage ” As 
regards the observations in “shock,” Cannon, Fraser and Hooper 
stated, “In cases of shock as seen at a casualt} cleanng station in con- 
ditions of warfare the red count of blood taken from ^arIous capillaries 
is higher than that of blood taken from a \ein The discrepanc} is 
greater, the more profound the shock and not intrequentl} is as much 
as tw o million corpuscles per cubic millimeter Since the \ enous count 
IS approximateh normal, the condition is due to a stagnation of cor- 
puscles in the capillaries The observations b% means of blood counting 
have been confirmed b} hematocrit and hemoglobin determinations ’ In 
regard to “hemorrhage ’ thcv stated ‘Alter hemorrhage and in cases 
of shock complicated with hemorrhage the hemoglobin reading is rela- 
tneh low compared with the red count It is undoubtcdl} true that 
hemorrhage outside the bodv in moderate amounts results m a dilution 
ol the blood The expenmcnt= in group 1 which arc reported in this 

10 Meivcr M \ and Hacarart W W Traunatic ''Ii «,k Son,c r-'p— i- 
mcntal Work on Crocked Ci'culatio i “^nr,, O'l 3G '^1 pa' 

20 Cannon Fra-^er and Hoop r So ic X'tira'i > s n t' Di fi'i i i" ' 
Character of the Rload Rtpa-t ot sii c C' ' tti Mc<' d Rr -c t C " 
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papei indicate that the reduction in the blood prcssuie following trauma- 
tism to an extremity can be accounted foi entirely by the local loss of 
blood and fluid from the blood stream In the several experiments in 
which determinations weie made, the i eduction in pressure was asso- 
ciated with an inciease m both the numbei of red blood cells and the 
percentage of hemoglobin Hence, there may be two types of hemor- 
rhage, that outside the body associated with a dilution of the blood and 
that into the tissues of the body associated with a concentration It is 
well known that the dilution of the blood which occurs after hemor- 
rhage m moderate amounts outside the body is due to the replacement 
of part or all of the blood volume by the passage of fluid from the tissues 
into the blood stream Determination of the percentage of the hemo- 
globin of the bloody fluid which was found m pools in the injured mus- 
cular tissue showed its value to be definitely lower than that of blood 
obtained from one of the laige vessels elsewheie m the body This 
probably means that there is a greater proportionate loss of plasma than 
of red cells after trauma to an extremity Efforts were made at the 
completion of some of the experiments to obtain all of the blood fiom 
both the traumatized and the nontraumatized extremities This was 
impossible Hence, an accurate determination could not be gained fiom 
the results of the experiments of group 1 as to how much of the differ- 
ence m weight of the two extremities was due to loss of whole blood 
and as to how much was due to loss of plasma The fact that the differ- 
ence m weight of the two sides indicated the loss of fluid from the 
blood stream which amounted to more than 4 pei cent of the body 
weight in all experiments does not indicate that there is general capillary 
dilatation elsewhere in the body with pooling of blood The intestines 
were examined in many experiments, and no congestion was apparent 
There was no free fluid in the peritoneal cavity The suipnsingly small 
amount of blood which was obtained from the opposite nontraumatized 
extremity indicated that there was no pooling of blood there It is 
believed that these experiments indicate that deteiminations of the num- 
ber of red cells and of the amount of hemoglobin do not show whether 
there has or has not been hemorrhage, but rather whether the hemor- 
rhage IS outside the body or into its tissues 

The theory that shock following trauma is due to a toxin was sug- 
gested following observations on patients before most of the experi- 
mental work was undertaken Quenu was among the first to stress 
the possibilitj that a toxic factor was an important one A summary 
of the ideas which had been gamed by various men from clinical experi- 
ence was published b} him in 1918 The character of the wounds 


21 Quenu Re\ de chir 56 204 1918 
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Inch n ere seen most commonh during the ar n as described by ^^'al- 
lace and Fraser-- as folIo^\s 

The tissues of tlie wound are crushed and lacerated and there are widespread 
contusion and effusion of blood into the surrounding parts The neighboring 
blood ^ essels are often pulped and thrombosed, and as a result of the interference 
with the blood suppK, whole areas of tissue mai afterward die and slough awai 
In tliese wounds, muscle appears to be affected more than anv other tissue it 
becomes a mass of dark brown crushed matter without ani eiidence of stnation 
or Mtaliti One cannot fail to be impressed b\ the enormous destruction which 
eien a small fragment of shell will produce, a degree of destruction which is 
apparenth quite out of keeping with size of the fragment, the exaggerated dam- 
age depends upon the enormous lelocitj at which the fragments are traieling 

jMcNee, Sladden and jMcCartnej commented on the frequenc} with 
which extensile injury of muscle tissue w'as present m the set ere and 
fatal cases Thei reported six cases in all of which tliere were exten- 
sive lacerations of muscles without injury to bones or to an} iital 
structure or organ All ended fatalh with the exception of one case 
Because ot the fact that most of the experimental eiidence tor the pres- 
ence of a toxemia following injuri to muscles was denied from the 
experiments of Cannon and Bailiss,^^ it seems justifiable to quote their 
obseriations and comments on clinical cases at length Thei stated 

The nature of the wounds tipicalh seen m cases of wound shock nia\ be 
judged from the following records made b\ one ot us at a casualti clearing station 
where onh the most seiereh wounded men were admitted Some of them were 
seen b\ both of us In reading tliese records it should be understood that the 
wounds were often made b' large jagged pieces oi shell moiing at high lelociti 
When such a missile breaks the humerus or the lemur, or the ilium it smashes 
and tears extensueh the oterhing muscles, which, in the thigh and hip, lorm a 
thick l^^er In all the cases there was shock accompanied bj acidosis 

In all twehe cases were reported b\ Cannon and Baahss Their 
description of the injuries is as follows 

E G Compound fracture of leit ulna and radius, arm ncarh seicred, wounds 
of right arm and left side , abdomen opened intestine and omentum protruding 

C P H Shell wounds of right thigh with iracture oi the icmur, and oi lelt 
arm with fracture ot the humerus, wounds oi the lace 

G D Wounds ot the left arm with fracture leU leg with iracture, flesh 
wounds of the right thigh and abdomen 

G T H H Shell wounds ot right ankle oi leit kg with iracliirt and oi the 
muscles 01 the buttock 

22 Wallace and Eraser Surg<.-% at a Casualt\ Gean g Slaton Ijs gm 
101<; p 21 quoted In Caimo i 

2' McN'ec Sladden and McCartnee OlnereaUrns on W< id S'le^t E - 
cialU with Regard to Damage ol Mi s^h Rtpor* it a'V O t le 'Icdo I 
Ri search Conmitee no 2c’ pp ttt, Ma-eb 1' P 
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H J H Bursting shell broke right femur, left tibia and fibula, and injured 
right arm 

A J R Extensive vounds of both legs, left foot and left arm 

W G Wounds of buttock with fracture of ilium, also wounds of right foot 

P K Fracture of left femur (much comminuted) and right tibia 

WAT Wounds of buttock and perineum, muscles below' the buttock torn 
aeross and smashed m both legs 

G K Wounds of both arms, left thigh, left foot, compound fracture of the 
right thigh 

R C Compond fracture of right femur, multiple shell wounds of left femur, 
buttock and chest 

A H Multiple shell wounds, large wound of left loin invohing the gluteal 
muscles, fracture of pelvis, extensive w'ounds of right calf muscles and the 
muscles of the left thigh and left calf, and numerous w'ounds in back and chest 

The comment of Cannon and Bayhss on these cases of injury is as 
follows 

It IS obvious that with such w'ounds as these large amounts of muscle would 
be torn and smashed And, just as m the animal experiments recorded above, 
the injured muscle would produce metabolites, w'hich, on being absorbed into the 
blood stream, would indicate their presence by a decrease in blood pressure, wuth 
other signs of shock 

One cannot help but be impressed by the multiplicity and the severity 
of the wounds in these cases reported by Cannon and Bayhss Perhaps 
It IS true that the injured muscle would produce metabolites which would 
lower the blood pressure It is almost certainl}- true that the amount 
of hemorrhage which is necessarily associated wnth such gross injuries 
would cause some reduction in the blood pressure 

In the great majority of the reports of injured soldiers in which a 
low blood pressure and other signs of shock were produced, lesions 
are described, the nature and extent of which were similar to those 
described by Cannon and Bayhss However, usually each series of 
cases includes one or tw'o instances in which death resulted after vary- 
ing intervals of time and in which no hemorrhage into the tissues was 
found It might be added also that in these cases there were no large 
masses of lacerated muscle A report of two such patients was made 
by Wallace** as follow's 

One was buried b 3 the explosion of a shell in a cellar, the other was blown up 
b\ a buried shell oier which he had lighted a fire Both exhibited all the classic 
s^mptoms of shock, which lasted over forty-eight hours, in both treatment was of 
no aiail In neither did the postmortem examination show anv gross lesion 

24 Wallace Report of Shock Committee, Aledical Research Committee, 
no 26, p 7, March, 1919 
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There as a great deal ot hemorrhage in most of the cases obsen ed 
b\ Keith He described one exception as tollon s 

E^en without hemorrhage shock ma> be accompanied b\ a tall of blood 
lolume This fact was well brought out in a soldier suffering from rerj seiere 
simptoms of wound shock, who later died In this case some 24 hours after 
600 cc of gum acacia solution had been injected intra\ enouslv, the hemoglobin 
amounted to 125 per cent A.t autops\ no definite external wounds were found 
except a few superficial bruises, and no gross internal hemorrhage had occurred 
In this case the blood ^ olume w as not directK determined, but the high hemoglobm 
percentage, particularh after the injection of the gum solution, indicated a reduc- 
tion of the blood i olume of at least 25 per cent 

It IS interesting that Keith mentioned in the same report the fact that 
m some instances of tailure following the use ot gum acacia the gum 
solution itself had been faultj It is beliered that tlie condition of the 
patient at the time the wound is recened has a great bearing on the 
manner in which the injur} is tolerated Cowell-® stated “In battle 
and at points ot actn it} , the conditions of excitement cold thirst 
fatigue, and possible loss of sleep become important pre-wound factors 
in initiation of shock ” M'allace called attention to the tact that “the 
soldier was, eren m trench warfare, on a limited supph of water, and 
consequently there w'as no resenmir on which the circulation could 
draw' in case ot need His condition in this respect much resembled 
that of a patient after the old fashioned preparation for operation ” 
The effects of an inadequate supply were summarized by Robertson 
and Bock-' as follows “Blood r olume tests made on a number ot 
cases of hemorrhage hare shown that in manr instances dilution ot the 
blood occurs rerr slowl} The principal reason tor this lack of prompt 
dilution seems to be an initial marked diminution m the reserre fluid of 
the tissues and the lack of an} subsequent attempt to make up the fluid 
deficiency” It is beliered these obserrations indicate that the death of 
a person who is subjected to these unfarorable circumstances nia\ occur 
when the amount of hemorrhage has been relatneh small Xo work 
which has been performed to date explains the deatii of soldiers in 
which there was no hemorrhage and no gross muscle injun \s has 
been stated prCMOVish these instances are the exceptional onc« It 
should be remembered in considering the cases which were obserred 
during the war that the studies which were made be tore and suh-cquciit 

2^ Keith FIcvod Volume in Shock Report ot Shock Conimitict "Medical 
Rc'carih Committee no 26 pp '>-44 March 

2o Cowell The Initiation oi Wound '^hocl Rir'<-i-t oi Sli< M Crnii tn 
Medical Rc'carch Co ni iittic no 2^ p Kt'' Il<cc nix.*- 1^1“ 
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to the death of the patients were performed under abnormal conditions 
Occasional deaths are unexplained in well regulated hospitals when more 
favorable circumstances for complete studies prevail Undetected intra- 
cranial injuries or gas poisoning might have been the cause for some 
of the deaths in cases in which the etiology was not determined 

In civil practice, the conditions which attend the development of 
shock are usually less complicated than are those which were encountered 
during the war Cold, fatigue, inadequate fluid and food supplies are 
usualty absent Many of the patients who are seen in a state of shock m 
civil practice have had an operation under an anesthetic In some of 
these it IS doubtful if there has been enough loss of fluid from the blood 
stream to account for the low blood pressure Dale showed m experi- 
ments on animals that less histamine is required to produce a low blood 
pressure if the animal is under an ether anesthetic or if hemorrhage 
has been produced However, proof that the fall in blood pressure after 
injur}'^ to muscles is due to the formation of histamine is lacking Previ- 
ous studies by Blalock and by Blalock and Bradburn showed that 
the mechanism of the production of a low blood pressure is different 
after hemorrhage alone and after trauma to the central nervous system 
It IS believed from a consideration of these observations that all instances 
of a low blood pressure are not caused by the loss from the blood vessels 
of whole blood and plasma The evidence presented in this paper indi- 
cates that the loss of fluid or of blood from the blood vessels or the 
accumulation of blood in dilated vessels occurs exclusively or almost 
exclusively in the area which has been traumatized More concretely, 
the present experiments indicate that trauma to an extremity causes 
enough loss of blood volume locally to account for the reduction in the 
blood pressure and it is believed that the accumulation of blood and 
loss of fluid from the blood stream after intestinal trauma, for example, 
is limited almost entirely to the area which has been traumatized The 
injection of histamine into the patent femoral artery of any extremity 
in uhich all of the venous return had been occluded, produced no gieatei 
alteration in the blood pressure than simple occlusion of the venous 
leturn This indicates that the important factor in the production of 
hemorrhage when a tourniquet is placed on tightly enough to occlude 
the venous return, but not tightly enough to occlude the arterial inflow , 
is the head of arterial pressure and not the local formation of toxic 
products 

28 Dale Supplemcntari Note on Histamine Shock Report of Shock Com- 
mittee ^ledical Research Committee no 26, pp 15-18 IMarch, 1919 

29 Blalock ^Mechanism and Treatment of Experimental Shock I Shock 
Following Hemorrhage, 'kreh Siirg 15 762 {No\ ) 1927 

30 Blalock and Bradburn Trauma to the Central Nenous S 3 stem Its 
Effects on Cardiac Output and Blood Pressure An Experimental Stiuh, Arch 
Surg 19 725 (Oct ) 1929 
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References ha\ e already been made in this discussion to the theones 
^^hlch maintain that nerve impulses or tovic products resulting from 
trauma initiate the decline m blood pressure The theor} of fat embol- 
ism vas not supported either in these experiments or in those of 
Cannon Examination of the lungs in some of Cannon s expenments 
showed no accumulation ot tat The femur was not broken in most 
of the experiments reported here This is not essential, howeier, as 
Lehman and Moore show ed that it is not necessar} to fracture long 
bones or indeed to produce gross trauma of any kind in order to pro- 
duce fat embolism The fact that the local loss of blood volume 
accounted tor the decline of pressure in the present experiments, shows 
that fat embolism if present w'as not the cause of the condition tound 

The respirations w^ere observed carefulh m manj of the expen- 
ments, and there w as nothing to indicate that the shock w as due to oi er- 
ventilation The respirations w’ere slow most of the time, and when 
the}' became slightli accelerated the amphtude decreased The theoiw 
of acapnia found no support in the expenments of Cannon,®^ in which 
he found that shock could be produced b} muscle injur} eien tliough 
the breathing was kept uniform b} artificial means 

It has been showm that shock is not produced b} acidosis alone b} 
the injection of acid into the blood stream until the alkali reserve was 
reduced to a low degree The blood pressure did not fall to a shock 
level Ba} Iiss found that the injection of lactic acid, after a low blood 
pressure had been produced bi muscle injur}, did not exaggerate the 
state and in some instances caused an eleiation of the blood pressure 
Conflicting results hai e been obtained b} difterent observ ers m studies 
of the epinephrine content of the blood when the blood pressure is at 
a low le\el To produce a low blood pressure it is necessar} to inject 
a much larger amount of epinephrine than is liberated b} reflex stimula- 
tion The expenments of ^lann^® in which he tound that the supra- 
renal glands can be remoied without producing shock are eiidence 
against the theor} of suprarenal exhaustion In regard to the part which 
infection ma} plav m the deielopnient of shock Cannon^' stated 
“Furthermore the state is coniiiionh well established before intection, 
and therefore is not ot bacterial origin ’ ^IcXee Shdden and McCart- 

31 Cinnoii (footnote 3 p Hz') 

32 Lelmnn ind Moore Fat Emboli'm Inchidincr Experimental Prodnetio t 
Witliovit Trauma \.rch Sure: 14 620 192/ 

33 •\cido';i<: and Shock Report ot Shock Comnuttec Medical Re-earch Com- 
mittee no 25 p 25/, October 19IS 

34 Bedford and Tack^on Proc Soc Exper Piol ik Med 13 3^5 FI6 
Stewart and Roeoft \m T Pliv ^lol 4S 22 

35 Cannon (footnote 3 p 1203 

3ci Mann ‘31ioek Hum ^ Xiit'the ii I \ M \ O'* ' i ^ i t*' 7 

37 Cannon ( iootno,e ' i' !‘'4i 



994 


ARCHIVES OF SURGERY 


ne}' made studies on many wounds obtained during the wai f i om the 
point of view of infection They stated, “Bacterial infection, moreover, 
was shown to be unimportant m these wounds ” No evidence to sup- 
port any of these theories was found m the present experiments, since 
It was found that the local loss of blood volume was sufficient to account 
for the reduction m the blood pressure 

A great deal of work has been performed to deteimine the effects 
on the blood pressuie of the injection of extiacts of various tissues, of 
the products of autolysis of crushed muscle and of many other sub- 
stances Most of these substances caused a decline in the blood pres- 
sure No evidence for the action of any of these pioducts was found 
in the present experiments Many of the substances which were studied 
are supposed to be fairly closely related to histamine Goodpasture 
found that a fresh extract of the pancieas pioduced changes in the gall- 
bladder similar to those obseived by Bradburn and Blalock^* after the 
injection of histamine Trauma to the extiemities did not produce any 
alteration in the gallbladder 

It IS believed that one should be guaided in di awing conclusions 
which apply to man from experimentation on animals, paiticularly if the 
latter have been anesthetized Barbital, the anesthetic which was used 
in these experiments, does not lessen greatly the amount of the loss 
of blood which is necessary foi the production of a low blood pressure 
Dale found that a cat which had been anesthetized by ether for two 
hours would tolerate only one-fifth as much histamine without the pro- 
duction of death as would the same cat without an anesthetic Concern- 
ing the effect of trauma to the anesthetized animal, he stated, “It seems 
m the highest degree probable that the sensitiveness of the animals to 
traumatic toxins has been thereby greatly enhanced ” The effect of bar- 
bital anesthesia on the tolerance to histamine has not been determined 
Ether anesthesia causes little alteration in the amount of hemorrhage 
that is necessary for the production of a low blood pressure If the 
results of these experiments had indicated that the decline in pressure 
following trauma to an extremity is due to a toxin, they would be 
received in a more skeptical light in view of Dale’s work, which showed 
that anesthesia increases the susceptibility to histamine Since the decline 
in pressure in the present experiments was due to the loss of a large 
part of the blood volume into the traumatized area, it is believed that 
similar results would be obtained on unanesthetized animals Shock in 
the human being is usually associated with the loss of a great deal of 
fluid through sweating This is not encountered m dogs because of the 
absence of sneat glands It is fortunate m experiments of this type 
that such IS the condition, because a more accurate idea can be gained 
as to the site of the loss of fluid from the blood stream 

3S Goodpasture J Evper Med 25 277, 1917 
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\11 tliL i\]Hnmc!it'. ULiL pcriojintd on (loii'<, aiiL'ilitti^ccI In bir- 
bm! 1 III blood prc-''‘inc \\ n dLttnninuI licqiicnll) Tlic c\pcn- 
nuiuv Wirt undntikiii in oidoi to tc^t the \.inou'i theories which ha\e 
belli uhniied ill in eflort to e\pl ini the iiiitntiini iiieiit in the deeclop- 
iiuiit 01 a low blood prc‘-<;iire .ittir "rocs truinn In some expcrmients, 
the iiii'lhod oi C iiiiion and II n Ins b\ which the\ produced a deehne in 
blood piesinie In 11111111111/111" i posterior e\treniit\ w.is emploicd In 
othii i\pornnents their procedure was altered in ranous wais 

Ihe lollowni" is a brief Mininiar\ ot the results 

1 1 he blood pressure could not be reduced to a shock lee el b\ 
liauina to one ot the posterior extremities without causing the loss ot 
a sufficient part ot the blood \olunic into the traumatized area to account 
tor the decline m the iiressurc Iherc was a greater proportionate loss 
of plasma than ot red cells and this accounts tor the concentration ot 
the blood elsewhere 

2 The injection of histamine into the patent femoral arteri of a 
thigh which was tighth constricted bj a tourniquet, m some instances, 
caused a fall in blood pressure After the uppermost part of the femur 
had been remo\ed the injection of histamine into the artery did not 
cause a decline in pressure if the tourniquet was properly applied 

3 After the femoral arteri had been freed in the groin and a tourni- 
quet had been placed around the thigh constricting eveia thing except 
the artery, no appreciable decline in pressure resulted whether the femur 
was or w'as not resected The injection of histamine into the artery 
caused no greater alteration in the pressure than did the simple appli- 
cation of the tourniquet The application of tourniquets to both thighs 
b\ the same method caused a marked fall in the blood pressure 

4 A fall in blood pressure to a low level was produced by trauma 
to an extremit}, the thigh of wducli was constricted b} a tourniquet, 
except for tire femoral arterj'^ A sufficient amount of hemorrhage 
occurred into the traumatized part to account for the decline in the 
blood pressure Tins occurred wdiether the upper part of the femur 
had or had not been remored 

5 Remoral of the tourniquet from a thigh, the structures of which 
had been constricted for a long time except for the femoral arterr 
caused a fall m the blood pressure The same result rras obtained 
rrhether there had or had not been trauma 

6 After tlie femoral arterr and rein had been dissected free in the 
groin and a clip had been placed on the rein and a tourniquet rrhich 
constricted all of the structures of the thigh except the arterr and 
rein had been placed beneath the r easels remoral of the clip from the 
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vein usually did not cause a decline in the blood piessure The same 
result was obtained whethei there had or had not been trauma and 
whether the upper part of the femui had or had not been removed 

7 When the arteiial inflow and the venous outflow to an extremity 
were entirely occluded, gross trauma to the extremity did not produce 
a decline in the blood piessure 

8 Massage of either the tiaumatized oi the opposite nontraumatized 
extremity usually produced a tempoiaiy reduction in the blood pressure 

9 After the blood pressure had been lowered by trauma to an 
extremity, occlusion of the terminal aorta and vena cava was followed 
by a fall or a rise or no alteiation in the blood pressure 

10 If the terminal abdominal aorta or vena cava of the dog had 
been occluded for an hour, lelease of the occlusion did not result in 
the production of a low blood pressure 

11 The transfusion of blood from one dog in which a low blood 
pressure has been produced by trauma to an extremity to another dog 
in which a low blood pressure had been produced by a loss of blood 
either outside the body or into the tissues of the body resulted in an 
elevation of the blood pressure in the recipient 

12 The intravenous injection of histamine caused definite alteration 
in the gallbladder Trauma to any extremity did not produce these 
changes 

13 Tiauma to an extremity did not cause a congestion of blood in 
the intestinal tract or the accumulation of free fluid in the peritoneal 
cavity 

The experiments which are piesented m this paper offer no evidence 
that trauma to an extremity produces a toxin that causes a general 
dilatation of capillaries with an increase in capillary permeability and 
a general loss of fluid from the blood stream Neither do they lend 
support to the other theories, such as fat embolism, acidosis, acapnia, 
suprarenal hyperactivity and hypoactivity and vasomotor exhaustion 
There was a sufficient loss of blood volume into the traumatized area 
m all these experiments on dogs anesthetized by barbital to account 
for the reduction in the blood pressure The time interval which elapsed 
between the initiation of the trauma and the reduction of the blood 
pressure to a shock level probably was not sufficiently great in these 
experiments to rule out the effects of decomposition products which 
are verj^ slow m their actions However, these experiments are com- 
parable in the tune required for the production of a low blood pressure 
with those of the other investigators whose theories have been discussed 
It has been pointed out that definite conclusions cannot be drawn from 
these experiments as to the mechanism of the production of shock 


m man 
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Xvimeroub niNc^-tigators ’ ohicnccl the occurrence ot peptic ulcers in 
aniimls loliowiii" the dn er^ioii ot duodein! secretions and attributed 
the derelopment ot these lesions to the loss ot the neutralizing influence 
of the alkaline duodenal fluids on the acid gastric juice Their conclu- 
sions were based on the work ot Boldrreft - who promulgated the theorj 
that gastric acidit\ was regulated b\ the regurgitation of the contents 
ot the duodenum into the stomach Boldrreit noted that the pancreatic 
juice was more alkaline than ant ot the other secretions that were 
present in the duodenum and he beheted that it was the chief tactor 
in the neutralization ot the acid secreted b\ the stomach The results 
ot the im estigations ot MacLean and Gnfiitlis,® McCann"* and Yesko,® 
how et er indicated that changes m gastric acidit} did not depend on the 
regurgitation ot alkaline duodenal juices Recent determinations ® of 
the gastric acidit} in animals with pancreatic or bile fistulas showed that 

* Submitted for publication Dec 19, 1929 

■‘From the Department ot Patholog^, College of Plwsicians and Surgeons, 
Columbia Unuersiti 

1 Hauser, G Die peptischen schadigungen des Magens, des Duodenums 
und der Speiserohre und das penticche postoperatne Jejunalgeschwur m Henke and 
Lubarsch Handbuch der speziellen pathologischen Anatomic und Histologie 
Berlin, Julius Springer 1926, \ol 4 Bickel \ Beobachtungen an Hunden 
mit e'^stirpierten Duodenum Berl klin Wchnschr 46 1201 (June 28) 1909 
Exalto, J Ulcus jejuni nach Gastroenterostomie, Jfunchen med Wchnschr 
58 1144 (jSlat 23) 1911 Mann, F C and Williamson, C S The Experimental 
Production of Peptic Ulcer, Ann Surg 77 420 ('\pril) 1923 

2 Boldjreff, W Self RegulaUon of Acidm of Gastric Contents and Real 
^cidin of the Gastric Juice, Quart J Exper Plnsiol 8 1 ( ^pril 14) 1914 

3 iMacLean, H and Griffiths W J The -Automatic Regulation of Gastric 
Aciditt, J PInsiol 66 356 (Dec 20) 1928 

4 McCann J C Studies on the Control ot the ■\cidit\ ot the Gastric 
Tuice, Am J Plnsiol 89 483 ( •kug ") 1929 

5 Yesko, S ■k The Effects of Ligation ot Pancreatic Ducts on Gastric 
Digestion ^m J Phisiol 86 483 (Ockl 1928 

6 Unpublished obsertatiom 
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the acid values lemained within the limits of noimal vaiiations foi dogs, 
after biliaiy obstruction, the acidity was inci eased" 

If Boldyreff's theoiy weie coirect, there would be a gieatei predis- 
position to the foiination of peptic ulcers m animals which weie deprived 
of their pancreatic juice than in those which weie depiived of their bile 
A suivey of the Iiteratuie revealed that ulceis weie raiely repoited aftei 
ligation of the panel eatic ducts or extiipation of the panel eas ® but weie 
observed frequently after bihaiy exclusion ® The following study deals 
with the experimental pioduction of duodenal and gastiic ulceis in dogs 
by interference with the flow of bile into the intestine and the possible 
significance of the lesults with lespect to peptic ulceis in man 

METHODS 

Under ether anesthesia and with aseptic precautions, biliary fistulas were 
established in a series of large dogs according to the method described by Rous 
and McMaster “ The common duct was ligated and divided near the intestine 
A cannula attached to a rubber U-tube was inserted into the proximal end of 
the divided duct The tube was brought out through the abdominal wall bv 
means of a stab wound just below the costal margin The free end of the drain- 
age tube was then connected to a small glass T, to which a rubber collecting 
bag and a rubber outlet tube were attached The whole apparatus was held in 
place by a protective dressing This method permitted the collection of the total 
output of bile under sterile conditions and insured against the animals licking the 
fistulous openings Accessory communications between the biliary tract and the 
intestine were ruled out at autopsy The gallbladder was dealt with as follows 
In some animals it was allowed to remain intact, in others the cystic duct was 
ligated and divided, in a number of dogs a cholecystectomy was performed, in 
one animal a cholecjstostomy ivas done after ligation and division of the common 
duct 

7 Still, K S , and Carlson, A J The Motor and Secretory Activitj' of 
the Stomach During Acute and Chronic Obstructive Jaundice in Dogs, Am J 
Phjsiol 89 34 (June) 1929 

8 Mmkow ski, O Untersuchungen uber den Diabetes MeUitus nach Extirpa- 
tion des Pankreas, Arch f exper Path u Pharmakol 31 85 (April 11) 1893 

9 Malkoff, G J\I The Pathology of Jaundice, St Petersburg, Impernl 
Militarj Medical Academy, 1897 Simnitzky, quoted by Bogoras, N Ueber 
Cholecj stogastrostomie bei dem Magenulcus, Arch f klin Cliir 134 42 (Jan 26) 
1925 Hosomi, K Ueber das sogenannte peptisclie geschwur des Mageiis und 
Duodenums beim Hiinde, das gelegenthch der Choledochusphstik entsteht, 
Virchow’S Arch f path Anat 267 726 (March 21) 1928 Kapsinow, R Experi- 
mental Production of Duodenal Ulcer by Exclusion of Bile from the Intestine, 
Ann Surg 83 614 (AIa\) 1926 Bollman, J L, and iMann, F C Chronic 
Duodenal Llcers m \nim iK with Fck Fistulas on Certain Diets, Arch Path 
4 492 (Sept ) 1927 

10 Rous, P, and McMaster, P D A Method for the Permanent Sterile 
Drainage of Intra- Abdominal Ducts as Applied to the Common Duct, J Exper 
Med 37 11 (Jan ) 1923 
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J \\Lm\ -lliiit (In'T'. were and tlit\ were diMdcd into three 

ni un crou])^ In group 1 the flow of bile from the fi'^tula remained 
uninterrupted tliroughnut tlic experiment In group 2 at first the 
drainage nt bile wae liee alter the eMablidiment of the fi'itula Sub- 
vequeiuh howe\er obstruction dea eloped and the flow oi bile became 
mtennittcnt or ceased In group 3 the operation lor fi'Jtuh was unsuc- 
co‘;«tul iroin the begmumg and complete biliara obstruction lollowed 

\ftcr prolonged diainage the bile iisualh became contaminated, but 
this did not seem to alter the secretion to ain extent All ot the animals 
were kept on a diet low in tat For control studa, a series of fitta 
normal dogs was examined and no spontaneous ulcers ot the duodenum 
OI oi the stomach aacre encountered As another control sttida nine 
logs aaith pancreatic fistulas aaere obseraed oacr the tollowing periods 
seaenteen, taaenta taaenta-taao, taaenta-taao, taaenta-taao, taaenta-fiae 
thirta fifta-one and fiftj-taao daas, respectia ela , and no lesions aaere 
found in the stomach or tlie duodenum 

EXPERiaiEXTaL OBSERt XTIOXS 

Series 1 Doc 509 — In a male mongrel, weighing 13 Kg, a bile fistula was 
produced, a\ith choleca stectom^ Secretion continued throughout the experiment 
The animal became extremclj weak and emaciated and a\as found dead on the 
sixteenth daa 

4utof!s \ — ^The dog weighed 12 1 Kg A. round, penetrating acute ulcer was 
found on the antenor surface of the duodenum opposite the ampulla of Vater 

Dog 510 — In a dog, weighing 26 Kg, a bile fistula was produced, with 
cholecj stectom\ The animal secreted large amounts of bile throughout the 
expenment It began to lomit on the twelfth da\, and was found dead on the 
fourteenth da\ 

J^utopsy—The dog weighed 19 7 Kg A few pockets of pus were found 
between the lobes of the Iner, which was normal otherwise On the anterior 
surtace of the doudenum just below the pilorus, there was an acute, oval, pene- 
trating ulcer measuring 2 5 b} 15 cm, with irregular, undermined margins 

Microscopic Eraminatwii — Examination revealed an acute, penetrating ulcer, 
which involved all the lavers of the duodenum down to the serosa The margins 
were undermined The surface of the ulcer was covered bv an amorphous mate- 
rial There was no cellular reaction 

The liver was normal, except for marked congestion of the capillaries m the 
central portions of the lobules The pancreas and lungs also showed marked 
congestion of the blood vessels 

Dog 511 — In a female mongrel, weighing 171 Kg, a bile fistula was pro- 
duced with cholecv stectomv Secretion continued throughout the expenment 
The animal became progressiv eb weaker and was found dead on the thirteenth 
dav 

Autopsy —'I'no dog weighed 132 Kg Diffuse suppurative peritonitis was 
present A punched out, periorated ulcer measuring 1 5 bv 07 cm was found 
on the anterior surface of the duodenum 1 5 cm below the pv lorus The per- 
loration was sealed over mcompletelv bv omentum The liver was normal except 
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for a fibnnopurulent evuclate winch co\ercd the surface The lungs showed 
consolidation of the right low'cr lobe The spleen was small and contracted 
Microscopic Examination — There w'as an acute perforated ulcer extending 
through all the coats of the duodenum The margins were sharply defined, and 
m the underlying tissues there was a moderate infiltration of polymorphonuclear 
leukocytes Adjacent to the perforation, the base was formed by a thin layer 
of muscle and the fibrous wall of the biliary sinus tract The surface of the 
ulcer was covered by cellular debris and polj'morphonuclear leukocitcs The 
surface of the liver was covered by a fibnnopurulent exudate The capillaries 



Fig 1 — Acute perforated duodenal ulcer in dog 511 

in the central portions of the Iner lobules were dilated, and the cords were com- 
pressed The lungs showed lobar pneumonia 

Dog 13-28 — In a male collie, weighing 188 Kg, a bile fistula was established, 
with the gallbladder intact Secretion continued throughout the experiment The 
animal became progressneK weak and was killed on the twelfth day because of 
its poor condition 

Autopsy — The dog weighed 17 7 Kg The wound was infected In the 
duodenum there were two acute shallow ulcers, opposite one another riicj were 
about 3 cm below the p%lorus, the one on the anterior surtace measuring 1 5 
b\ 0 5 cm and the one on the posterior surface, 1 b\ 0 5 cm The bases were 
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to\i.rt(l l>v 1 t,rnn '.Inm:!! TIr iiuico^t ut tlit diiodtiuirn ms o'rigt'tcd as !a" 
tli'wti T- tliL ni un iniKrL Uic oritict. 

Vun>fci’/-ii LiiZViU atun — Both tiktr- Rtrc t'pical acute rnuco^al cro'ioi' 
dl the (iuo<iemiiii c\teii<imi, tioun to tlie imi'ciilnns mucosae with pohmorphonu- 
ck ir ami rniim! tell inliltration oi tlic undtrlMni: ti'-eiif- 

Dre 21-2'^ — In a itnialc inancrtl wtielnnt, 14 4 Kj: a hik futula wa^ pro- 
duced witli tile cailhladder intact Tlie a\eraj:e daih output oi bile was 7S cc 
Secretion coiituiued tor titti-tliree dat -• then ceased Tile animal was killed oi 
the tilt\-litth da\ \o icterus was ohstreeHl 

}u!ol's\ — The dog weighed 104 Kg Ko ulcers were lound The liter 
appeared nornial The gallbladder was ot about normal siz^, and was filled v uh 
rop' golden \elIow bile The bile ducts were moderateh dilated The gla=; 



Fig 2 (dog 511) — Bilian hstula, thirteen dais Acute perforated duodenal 
ulcer Reduced from X 18 


L-tube was filled with thick muddt inspissated bile which probable interfered 
with the outflow of bile 

Microscopic Eramination — The beer showed marked central fatte degenera- 
tion, pericholangitis and pericholangitic abscesses 

Doo 10-29— In a female airedale eeeighing 14 4 Kg a biliara fistula eas 
established, with cholece stectome The aeerage daile output ot bile was 6^ cc 
Bile was secreted during the entire period of experiment and the dog remained 
in excellent condition It was killed on the fifti -second da\ 

Autopsy —The dog w eighed 13 1 Kg Xo gross abnormalities w ere observ ea 
Xo ulcers were found Microscopic examination was not made because ot auto'- 
jsis of the tiscera 

Dog 22-29 In a male mongrel weighing 15 5 Kg a bthart fistula was pro- 

duced, with choIec\ stectom\ The average daih output ot bile was 1-125 cc 
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of the ulcer fined in In i'^ sqinre in figure 3 High power magnification shows the base 

from X ISO ' connectuc tissue co\crcd bj regenerating epithelium Reduced 
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hiK w\v sfiriUd .Iiri'Ui,lKnu tliL experiment, niid the dosr rennined in excellent 
1.1 ndition It w killed on the one luindrcd nnd "second die 

i ifo/'f. — The dop weichcd 13 3 Ke The Incr ippeircd normil There v.as 
no dihtition oi the hile duct'- ind the cinntih teT: in ■situ There were no ulcers 
oi the stonnch or dindemim \unieroiis pinpoint corticil ib'ces'es eeere lound 
in the 1 idne\ ' 

Un roeiO/-ii Z-'idii ii.ti/ioi. — Mieroceopic eximiintion revelled no ibnormilities 
oi the M'ceri except the kidnevs which showed in occisionil cortical abscess 
Sirii"- 2 Dor 503 — In a mile colhc wcighinp 18 2 Kg, i bile fistula wis 
produced with lieition ind division of the cvstic duct There wis intermittent 
driinice Bile wis secreted for one week, the secretion then stopped for tour 
divs started igiin tor one week stopped for one div and then continued until 
death which occurred snddcniv on the tvvenlv -ninth dav 

Info/’cv — The dog weighed 13 7 Kg Suppuritive peritonitis was present 
On the interior surtice of the duodenum just below the pvlorus, there was an 



Fig 5 (dog 506 ) — Cholecv stostomj with intermittent drainage, fiftv-six 
davs Large chronic perforated duodenal ulcer Base formed bv adherent 
omentum, pancreas and Ivmph node Reduced from X 6 


oval indurated penetrating ulcer measuring 1 bj 0 5 cm The liver was firm 
and icteric The spleen was small and firm The mesenteric Ivmph nodes were 
enlarged and soft The pancreas was firm 

Microscopic Eiaiiiiiwhon — There was a chronic penetrating ulcer, with evi- 
dence of healing The ulcer extended partlv through the outer longitudinal mus- 
cular laver The margins were sharplj defined The base showed a marked 
proliferation of connective tissue and infiltration with leukoevtes The surface 
of the ulcer was covered bv regenerating epithelium In the liver the bile 
canahculi were dilated in the central portions of the lobules Mam of the Kupffer 
cells contained bile pigment There were a few focal necroses and a moderate 
periportal infiltration with mononuclear leukoevtes 

Dqq 506 In a male mongrel, cholecj stostomv was performed, with ligation 

and division of the common duct Drainage was intermittent due to contraction 
of the orifice of the fistula During such periods ‘white bile was secreted The 
animal became progressivelv weak and emaciated and died alter fittv-six davs 
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Autopsy — The fistulous tract was patent The mucosa of the gallbladder was 
normal The common and hepatic ducts were dilated The liver showed no 
gross changes On the anterior surface of the duodenum, about 4 cm below the 
pylorus, there was an irregular indurated ulcer 2 3 cm in diameter, which had 
perforated, but the perforation was sealed over by adherent omentum and pancreas 
Mtooscoptc Examination — A chronic ulcer was present, which involved 
all the layers of the duodenum Beneath the abrupt margins, connective 
tissue proliferation and infiltration with polymorphonuclear leukocytes and round 
cells were found The base of the ulcer was formed bj adherent omentum. 



Fig 6 — Subacute duodenal and gastric ulcers in dog 507 


p increas and a lymph node, overlying these there was a laver of granulation 
tissue and leukocjtes 

The liver showed dilated bile canaliculi and degeneration of the liver cells in 
the central areas of the lobules The larger bile ducts were dilated 

Dog 507 — In a male mongrel, weighing 20 8 Kg, a bile fistula was established, 
with ligation and division of the cvstic duct Secretion continued for tvvcntj-six 
davs, then diminished and finallj ceased The animal became progressivelv jaun- 
diced and emaciated and was killed on the forty -sixth dav 

'iutopsx — Hit dog weighed 12 Kg Three ulcers were found, two gastric and 
one duodenal The duodenal ulcer was punched out and measured 0 5 Iiy 0 3 cm 
It was on the anterior suriace just below the pvlorus TIic gastric ulcers occurred 
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oti the Ks'ir ^urvitiiri •? ' Tiid '' cm rtspcctniK iln\i, the p\Ionis Both 
wire piiitritim. wlur-- witii mi<iirimniil nurttniv nnd oiil oi them Ind pertorited 
the pirtonnoii Imnc 'iilul o\tr Iw omentum lliei meT>-ure(i 1 7 b\ 1 cm 
Tiul 17 In O' cm ri'piittiiK 1 hi liter wt' firm iiui icteric The Iir^er 



I'lU 7 (doe 5071 — Bdnrt h'tuli lollowed b\ bilnrt obstruction tortt-six 
di\' Subicutc ji'tric ulcer witli oterinnemg edges Reduced irom X 



bile ducts were dilated, and a stricture was tound in the common duct ]ust abote 
the cannula The regional hmph nodes were enlarged and icteric The right 
lung was completeh consolidated the left showed patclw consolidation 

Vtcroscopic Er-awwatwu—The duodenal ulcer was ot the subacute pene- 
trating npe with abrupt margins It extended through all the laeers ot the 
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intestine down to the serosa The surface of the ulcer was covered by a purulent 
exudate of polymorphonuclear leukocytes and round cells which infiltrated the 
underlying structures The base was formed by newly formed connective tissue 
The serosa opposite the ulcer was thickened and contained proliferating fibro- 
blasts, capillaries and numerous polymorphonuclear leukocytes The gastric ulcers 
had similar histologic characteristics, one had perforated The margins were 
undermined, and the base was formed by newly formed connective tissue covered 
by a cellular exudate The serosa showed the same reaction as in the duodenal 
ulcer In the liver, the larger bile ducts were dilated and the small bile canaliculi 
were distended near the centers of the lobules The Kupffer cells m this region 
contained bile pigment Pericholangitis, pericholangitic abscesses and focal 
necroses were present There was also some periportal fibrosis The lungs were 
the seat of a hemorrhagic pneumonia In the kidneys, there was a hemorrahgic 
exudate in the glomeruli with numerous thrombi in the capillaries 

Dog 508 — In a male terrier, weighing 19 5 Kg, a bile fistula was established, 
with ligation and division of the cystic duct Secretion continued for sixteen 
days, then ceased The animal was found dead on the twenty-sixth day 

Autopsy — The dog weighed 14 1 Kg Suppurative peritonitis due to a per- 
forated duodenal ulcer was found A punched out, indurated ulcer, measuring 
2 by 1 2 cm , was found on the anterior surface of the duodenum, 1 5 cm below 
the pylorus In the base there was a small perforation There was autolysis of 
the other organs 

Mia oscopic Examination — The ulcer that had perforated was of the chronic 
tvpe Its margins were abrupt, and the base was formed by connective tissue 
The underlying tissues were infiltrated by polymorphonuclear leukocytes and 
round cells The surface was covered bj amorphous material and cellular debris 

Dog 512 — In a male mongrel, weighing 13 Kg, a bile fistula was produced, 
with cholecystectomy Secretion continued for nine days, then became intermittent 
and finallj ceased on the twenty-seventh day The animal w'as icteric and in 
good condition when it was killed on the forty-first day 

Autopsy — The dog weighed 10 3 Kg The liver was firm and icteric The 
bile ducts were dilated No ulcers were found Microscopic examination was 
not made 

Dog 17-28 — In a male airdale, weighing 17 8 Kg, a bile fistula was established, 
with the gallbladder intact The average daily secretion of bile was 94 cc Secre- 
tion continued for thirty days, then ceased The animal became jaundiced and 
was found dead on the thirty-sixth day, following an exploratory laparotomy 

Autopsy — The dog weighed 17 2 Kg There were diffuse suppurative peri- 
tonitis and marked autoljsis of all the organs A stricture of the common duct 
was found just above the cannula No ulcers w'ere found No microscopic 
examination was made because of autolysis of the organs 

Dog 18-28 — In a male collie, weighing 12 5 Kg, a biliary fistula was estab- 
lished, with the gallbladder intact The aierage daily output of bile was 62 5 cc 
Secretion continued for sixta-five da>s, then icterus was noted, and the animal 
was killed on the sixtj -se\ enth daj 

Autopsy — The weight was 96 Kg There was a small, oval erosion of the 
mucosa of the duodenum 2 cm below the pjlorus The liver was icteric, and 
contained numerous small abscesses The bile ducts and gallbladder were dis- 
tended with rop\, turbid, dark green bile The glass cannulas were filled with 
inspissated dark brown bile which probabh interfered with the free outflow of 
bile and caused a partial obstruction 
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UiiMUi.i/'u Lnunvatuv —Tin. Il-ioii in the duodenum nas a shallow small 
muco-^nl (.roMon llie clnngt.'. were not sufTicicntK marked to be considered a 
true ulcer ami the lesion was not included in the results Dilated bile canaheuh 
prohieration ot the snnllcr hile ducts, pericholangitis and pcncholangitic absces'Cs 
were lound m the h%er Numerous local necroses and a tew infarcts were al-o 
present The callhladder showed no changes 

Doc 2 20— In a male mongrel, weighing 17 Kg a bile fistula was established 
with the gallbladder intact The axerage dailv output was 119 cc A.fter sex- 
eiitv 'three daxs oi continuous secretion, an cxploratorx operation was pertormea 
No ulcer XX as palpable in the stomach or duodenum The lixer and biliarx 
trict appeared normal The gallbladder contained a small amount ot thick 
dark xiscid brown bile \ cholecxstectomx xxas pertormed at this time Fol- 
lowing the operation,, jaundice dex eloped and the secretion ot bile stopped The 
animal xxas killed sexen dax >, atterxxard 

-lulol'si — The dog xxeighed 15 3 Kg Diffuse suppuratixe peritonitis xx-as 
present On the anterior surface ot the duodenum, 1 5 cm beloxx the pxlonis 
there xxas a round, punched out ulcer measuring 1 cm m diameter The base 
xxas coxered xxith slough The hxer xxas jaundiced, the bile ducts xxere dilated 
and inspissated bile filled the lumen of the U-tube, xxhich probablx accounted for 
the dexelopment of the obstruction There xxas no stricture of the common duct. 

Uicrorcofic Eiammatwn — There xxas a duodenal ulcer of the subacute pene- 
trating txpe, xxith abrupt margins, mxolxmg the inner circular and part of the 
outer longitudinal coats The surface xxas coxered bx a purulent e-xudate In 
the base there was new lx termed connectixe tissue The underlxmg tissues were 
infiltrated bj polx morphonuclear leukoextes Oxerlxmg the ulcer, the serosa xxas 
thickened and contained proliferating capillaries and xoung fibroblasts The bile 
canalicuh of the hxer were distended espeaallx in the central portions of the 
hxer lobules The Kupffer cells contained bile pigment N'o other changes were 
obserxed 

Dog 3-29 — In a male collie weighing 169 Kg, a bile fistula was produced, 
with the gallbladder intact The axerage daih secretion of bile was 114 5 cc 
Secretion continued for thirtx-six daxs, then ceased The animal became jaun- 
diced and xxas killed on the fortx -first dax 

.diifopsv— The dog xxeighed 134 Kg The hxer was firm The gallbladder 
and bile ducts were dilated, and a stricture of the common duct xxas found just 
aboxe the cannula No ulcers xxere found 

Microscopic Erammatioii — The Iixer shoxxed dilated bile canalicuh m the 
central portions of the lobules, pericholangitis and multiple absces'ses 

Dog 15-29 — In a male terrier, xxeighing 146 Kg, a bile fistula xxas established 
w ith cliolem stectom> The ax erage daiix secretion of the bile w as 123 cc Secre- 
tion continued uninterrupted throughout the experiment until the last texx dax s 
xxlien a slight icterus ot the conjunctixae xxas noted The animal v as lulled on 
the sixtx -ninth dax The general condition was excellent throughout the experi- 
ment 

4utopsy —The dog weighed 16 Kg The hxer xxas firm and icteric The bile 
ducts were not dilated, the cannula was in place and tiiere was no stneture The 
cause for the icterus xxas not determined, possiblx there was a partial obstruction 
due to inspissation of bile in the lumen of the U-tube. N'o ulcers were tound 
Microscopic Eraiiot otioii — The fixer showed dilatation of tlie file canal cu! 
in the central portions o: the lobule- prohteration ot the smalfer biie ducts and 
pencliolangitis 
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Dog 34-29 — In a female mongrel, weighing 171 Kg, a bile fistula was pro- 
duced, with choleej stcctom> The average daily output of bile was 126 cc Bile 
was secreted throughout the experiment, with some diminution toward the end 
The conjunctivae showed some jaundice at this time The general condition 
remained excellent The animal was killed with ether on the ninety-ninth day 

Antopjy — The tissues were icteric The liver was small, firm and jaundiced 
The common and hepatic ducts were dilated Thick turbid bile was found in 
the ducts One of the hepatic ducts was completely obstructed by the tube and 
cannula In the stomach, on the lesser curvature 4 cm below the cardia, there 
was a shallow irregular ulcer with overhanging edges measuring 2 by 0 5 cm 
In addition, there were numerous smaller erosions in the fundus and one just 
above the pylorus In the duodenum, just below the pjlorus on the anterior 
surface, there was an irregular stellate shallow ulcer 1 by 0 5 cm On the 
posterior surface of the duodenum, there was a small erosion about 0 3 cm in 
diameter The lymph nodes at the hilus of the liver were enlarged and icteric 
Miaoscopic Exaimnaiwn — The gastric and duodenal lesions were typical 
mucosal erosions without any cellular reaction The liver showed distended bile 
canaliculi in the central portions of the lobules, pericholangitis, periportal fibrosis, 
proliferation of the smaller bile ducts and focal necroses The Kupffer cells con- 
tained bile pigment The larger bile ducts were dilated 

Seiups 3, Dog 7-28 — In a female collie, weighing 13 Kg, a bile fistula was 
established, wnth the gallbladder intact The fistula did not function The animal 
became progressively weak and jaundiced and was killed on the thirty-third day 
because of its poor condition 

Autopsy — There was marked jaundice The h\er w'as shrunken, soft and 
deeply icteric, with numerous small abscesses The spleen was small and of 
rubbery consistency There was old blood in the stomach, but no ulcers were 
found The gallbladder and ducts were markedly distended with thick, viscid 
bile There was a stricture of the common duct above the cannula 

Mtci oscopic Exammatwn — The liver show'ed distended bile canaliculi, prolif- 
eration of the smaller bile ducts, pericholangitis and pencholangitic abscesses 
The Kupffer cells contained bile pigment 

Doc 12-28 — In a male aircdale, w'C’ghing 19 Kg, a biliary fistula was produced 
w'lth the gallbladder intact There was a small irregular secretion w'hich ceased 
completeh on the fourteenth day The animal became progressively jaundiced 
and was found dead on the fiftj -seventh day 

Autopsy — The animal was thin and jaundiced The bile ducts and gallbladder 
were dilated because of a stricture of the common duct above the cannula The 
Incr was firm and icteric The heart muscle wns flabby No ulcers were found 

Mic> oscopic Examviatwn — The liver showed distended bile canaliculi, pro- 
lileration of tlie smaller bile ducts and periportal fibrosis The capillaries in the 
central portions of the lobules were dilated, and the liver cords were compressed 
Dor 5-29 — In a female collie, w'eighing 15 7 Kg, a biliary fistula was estab- 
lished, with cholec\stcctom\ The fistula did not function The dog rem lined 
in excellent condition throughout the experiment, although jaundice w'as marked 
The animal was killed with ether on the one hundred and eight} -ninth day 

'Intopsx — The dog weighed 14 4 Kg On the anterior surface of the duo- 
denum 1 cm below the pilorus there was a penetrating, indurated ulcer measur- 
ing 1 5 cm in diameter The li\er was small, firm and icteric The larger bile 
ducts were dilated and cont lined pus There was a stricture of the common duct 
jUst aboie the cannula The mesenteric l\mph nodes were enl irged 
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l/ii ?(><•< (’/-/I L iimnrnhoi} — T licrt. was n chroiiiL dimdcinl nicer, wilh t\idence 
ot linliiic 11k tdier iMciulcd tliroiiqh Ilnimier*:’*; j^htide tikI tlic inner circular 
liver down Vo the outer lonuitvidiinl nni«cuhr coat The surface was covered bv 
a laver ni jtolvnior]ihomtele'’r letiKocvtcs which infiltrated the undcrlving tissues 
The crater vv is idled in bv eonncelivc tieenc Along the edges of the nicer there 
w IS in outgrowth oi new epitliehnm The liver showed distended bile canaliculi 
in the centrd i>ortions oi the lobules proliferation of the smaller bile ducts and an 
increase oi the pcniiort d eonnective tissue. The Kiipfi:er cells contained bile 
pigment Occasion d 1 iree abscesses containing numerous pigment-laden phago- 
cvtcs were also loiind in the liver 



Fm 9 (doo- 5-29) — Bdiarv obstruction, 189 davs Chronic duodenal ulcer 
with evidence of healing The base is filled in bv connective tissue Reduced 
from X 24 


Dog 11-^9— In a female collie vveighnig 164 Kg a biliarv fistula was estab- 
lished with cholecvstectomv The fistula did not function The dog became 
progress, V eh emaciated and jaundiced and was found dead on the fortv -seventh 

dav 

' 4utot>s\ —Intense jaundice and marked ascites were present The peritoneal 
fluid was a turbid vellovv ^ chronic perforated ulcer with indurated overhanging 
edges measuring ’ bv 0 5 cm was found on the anterior suriace oi the duodenum 
^ cm’ below the pvlorus \nother similar ulcer measuring 2 bv 2 s cm was 
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Fig 10 (dog 11-29) — Biliary obstruction, forty-seven dajs Two chronic per- 
forated duodenal ulcers, with evidence of attempted healing in one of them 
Reduced from X 12 See figure II 



Fig 11 (dog 11-29) — Area included in square in figure 10 High power 
magnification shows proliferating fibroblasts coicred b\ regenerating epithelium 
Reduced from X 180 
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unitul HI ilu piwunor will ot liic cltiocicmiin in the rccion oi the 'iinpull'i ot 
^ ntcr iiul ullurent tn the pincrci"; In the intriim ot tiic 'tomnch there \ ere 
nniltipK nnK■'v^l cro'-mn- The Iner wt'; snnll firm nnd jmndiccd The larger 
hik duct', were ercath dihlcd and there i\ns i stricture ot the common duct 
ahoie the caniinli (\\ lien the ulcer teas cut through in the rccion ot the ampulla, 
a Iiqature nav encountered at the ■site ot tile intramural portion ot the common 
duct I 

Mhin^io/'u Lmii’iiuilirm — Tlic hietolocic charactenetics ot both ulcers Mere 
einular Tlie\ were chronic pcrioratcd Ic'ionc with ciidcnce of attempted healing 



in one of them The edges ot the ulcers were oeerhanging and the sunace was 
coeered be amorphous cellular debris and poKmorphonuclear leiiUcetes Along 
one edge of the anterior ulcer there was a row of new prohterating epithelial 
cells 'rhe base of this ulcer was formed bi connectne tissue The base 
of the posterior ulcer was formed bs connectne tissue pancreas, a hmph 
node and the wall of the sinus tract In the antrum there were numerous areas 
in which the surface epithelium ot the mHi was destrosed The mIIi were small 
and coalesced and stained homogeneousK There was no cclhilar reaction The 
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liver showed dilatation of the bile canalicuh in the central portions of the lobules 
and central fatty degeneration of the liver cells The Kupffer cells contained bile 
pigment 

Dog 23-29 — In a male airedale, weighing 15 Kg, a biliary fistula was produced 
with cholecystectomy Secretion continued for ten days, then stopped, and icterus 
appeared Toward the end of the experiment, marked ascites, edema of the legs 
and hematemesis developed The animal was killed on the one hundred and 
eighth day because of its poor condition 

Autopsy — The tissues showed marked icterus A large amount of clear, 
straw-colored fluid was present in the abdominal cavity In the stomach, there 
were multiple acute ulcers in the antrum and on both sides of the magenstrasse 
They varied in size from a few millimeters to 1 5 cm and were found m the crypts 
between the folds of mucous membrane They were covered with fresh blood 
clots There were no lesions m the duodenum The heart muscle was flabby 
The mesenteric lymph nodes were hemorrhagic and enlarged The kidneys were 
pale and contained cortical infarcts The liver was greatly diminished in size, 
firm and icteric The larger bile ducts were dilated, and there was a complete 
stricture of the common duct above the cannula 

Miaoscopic Examination — The gastric lesions were erosions that extended 
through the mucosa and muscularis mucosae down to the inner circular layer 
They occurred in the crypts between adjoining rugae Sometimes the mucosa of 
the tops of the rugae remained intact, whereas in the depths there was extensive 
destruction of the epithelium There was considerable undermining of the mar- 
gins The surface of the erosions was covered by blood clot, beneath which there 
was a lajer of necrotic epithelium and leukocytes In the underlying tissues, there 
was evidence of an intense inflammatory reaction with marked edema and fibrin 
deposit, infiltration with polymorphonuclear leukocytes and dilated capillaries and 
Kmphatics In the liver, the bile canalicuh were distended in the central portions 
of the lobules There was proliferation of the smaller bile ducts and a marked 
increase of connective tissue causing extensive scarring and distortion of the liver 
lobules There were numerous focal necroses and large cholangitic abscesses as 
well as pericholangitis and cholangitis of the larger bile ducts The smaller ducts 
w ere not in\ olved in the inflammatory process The kidneys showed an occasional 
cellular cortical scar 

SUMMARY or EXPERIMENTAL RESULTS 

Grolp 1 — Uncomplicated Biliary Fistulas — Seven animals were 
included in this series and were observed for periods extending from 
tivelve to 102 days Acute duodenal lesions were found in four dogs 
that died from twelve to sixteen days after the establishment of the 
fistulas (One dog, 13-28, was killed on the twelfth day because of its 
poor condition ) In three animals, 509, 510 and 511, the lesions were 
single acute ulcers on the anterior wall of the duodenum In one dog, 
13-28, two erosions were found, one on the anterior and the other on 
the posterior surface Perforation of the ulcei in dog 511 caused peri- 
tonitis and death The three animals in which no lesions were found 
remained in good condition and were killed after fift\-two fift\ -three 
and 102 dars respectueh 
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1 ii(_ hi'-tdlo-iK (.Miniii itinii (>t the Inci', oi the aIlmnI^ in this group 
ie\enle(3 leu cliiiiitc' In one <log J1-2S tlie In cr shoucci central tatt\ 
dcgenenlion ]x.richi'Ini”itis uid multiple al)bces«es 

CjKcu i> J — /h/i,7/v /'ic/n/ur follaz^’td b\ Btltaiy Obstntclion — 
Eleven lnInnl'^ utie includcfi in this ‘jctics and uere obserred tor 
periods c\tendiiu: troni iuent\-''iv to nmct\-nine dus In six lesions 
ucie loiind alter l\\ein\-M\ t\\ent\ -nine, fort\-si\ fitt\-six eighte 
and ninct\-nine da\ s rt'>pectnelr In tliree dogs 505 506 and 508, 
single chrome nlcer>- ucie lound on the anterior surtace of the duo- 
demim In one dng 2-29 a single subacute pertorated duodenal ulcer 
uas lound on the anterior wall In another dog 34-29 there were 
multiple cro'-ions ot the stomach and duodemim In dog 507 there 
were multijilc subaeiitc ulcer‘s, one m the duodenum and tteo in the 
stomach , one ol the lattei had pertorated The ulcer in dog 505 
showed CMdenccs ot healing 

O he histologic examination ot the Iners of the animals in this group 
re\ealed changes that were associated with moderate bilian obstruction 
Abscesses ot the Iner were found in three dogs 507 18-28 and 3-29, 
pericholangitis was found in one dog, 15-29 

Group 3 — Bthat \ Obst) uction — Fne animals were included in this 
series and were obserxed tor periods extending trom thirtv -three to 
189 dats In three lesions were found atter fortv-sexen 108 and 189 
daxs respectixelx In one dog 23-29, multiple gastric erosions were 
encountered In anodier dog 11-29, there were txxo pertorated chrome 
duodenal ulcers In the third animal 5-29 tliere was a single chronic 
ulcer on the anterior surface of the duodenum The ulcers in dogs 
11-29 and 5-29 shoxxed exidences ot healing 

The histologic examination of tlie lixers of all of the animals in this 
group shoxx'ed changes caused b} prolonged obstruction of the larger 
bile ducts Abscesses of the hxer were found m three dogs 7-28, 5-29 
and 23-29 

coxrxrENT 

In a series of twentx -three dogs with xarious txpes of biliarx exclu- 
sion, thirteen dex eloped duodenal or gastric lesions In ten animals 
ulcers were found in the duodenum in two multiple gastric erosions 
occurred and m one dog, both gastric and duodenal ulcers xx ere obserx ed 
It IS interesung to note that a chronic duodenal ulcer was obserx ed 
in dog 508 atter an interxal ot twentx -six daxs A similar obserx ation 
was made bx :Mann and Williamson “ This suggests tlie possibihtx 
that in man gastric and duodenal ulcers that haxe the histologic char- 
acteristics ot chronic lesions max dexelop xxitlnn a short period of time 
The condition of the gallbladder had no constant relationship to the 
incidence ot ulcers In groups 1 and 2 lesions occurred in ainmaF with 
11 Mann and \\ ilham-on ( lontnolc 1 lourth reieruicc > 
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intact gallbladdei s, with ligation of the cystic duct and with cholecystec- 
tomy In group 3, ulcers were found only in the dogs whose gall- 
bladders had been removed 

Abscesses of the liver and peiicholangitis occuired in some of the 
animals, but these lesions did not seem to have any influence on the 
development of ulceis 

INCIDENCE or ULCERS AND ENVIRONMENT 

The animals in groups 1 and 2 weie studied under diffeient environ- 
mental conditions During the early pait of the investigation, dogs 
509, 510 and 511 of gioup 1, and 505, 506, 507 and 508 of group 2 
were kept in old laboiatoiy quarters It was difficult to maintain clean- 
liness, and the floors weie damp because of inadequate drainage 
Although the constituents of the food weie mixed and the quantity was 
plentiful, the preparation was poor and the utensils were insanitai)'^ 
The ingredients of the food had to be changed frequently because the 
animals refused to eat They lost weight lapidly and died early Undei 
these conditions, the incidence of ulcers was nearly 100 per cent On 
the other hand, during a later period of the investigation, dogs 13-28, 
31-28, 10-29 and 22-29 of group 1, and dogs 17-28, 18-28, 2-29, 3-29, 
15-29 and 34-29 of group 2 were housed in new quarters The cages 
weie kept dry and clean The diet was prepared carefully in clean 
utensils The dogs remained in good condition and lived for relatively 
long periods Under these improved conditions the incidence of ulcers 
diopped to 30 pei cent 

Although this was a small series of animals, it was notewoithy that 
in an unfavorable environment the incidence of ulcers was much liighei 
than that under more favorable conditions It was not possible to make 
a similar comparative study of the animals of group 3 because most of 
them were studied only in favoiable surroundings Nevertheless, ulcers 
developed in 60 per cent of the animals in this group 

ROLE OF MUCUS 

The mechanism by which the exclusion of bile piedisposes the 
mucosa to ulceration depends probably on the loss of some constituent 
in the bile which is essential for the maintenance of an intact surface 
epithelium The component of the bile that can serve this purpose 
most readily is the mucus because of its physicochemical properties 
Beaumont,^- Claude Bernard and Pavlov observed that the healthy 

12 Beaumont, W Experiments and Obser\ations on the Gastric Juice and 
the PhJSlolog^ of Digestion, Plattsburgh, F P Allen, 1833, p 103 

13 Bernard Claude Plnsiologic cxpcrimentale. Pans, J B Baillicre et fils, 
1856, \ol 2, p 408 

14 Pa\Io\, I The Work of the Digestnc Glands London Griffin & Com- 
pan\, 1910 p 238 
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iimcnvt wav vlw iw cmirni h\ a la\tt nt nnicuv an<] m(.«1 uu pro- 

Itctnc iiiiKtinn oi tliiv v(,Lrtti(in It iv luitcwoithx th it tiic duddciium 
"Inch nctiMv ilu aii(i ■•i-.trii. Ihiidv and rLfpiircs more i^rolcctiun lor 
Uv viirficc vpiihclmni thin in\ ntljcr vttjnKnt ot the £t istro-intebtinal 
tract IS vuppiiid with iinictiv <icruc<l Iroiii lour k<ntrcc" the hile the 
pancreatic jince the nitevtini! ninconv ghnd« and Brunner b glands 
Hie p}lorie legion iv eotnpoved eiitireh ot nnicous glands " The rela- 
tt\c nnjKirtance m tlie nnicuv cont nned in the bile compared to the 
nniciiv in the other dnodeml nuidc is unknown but there is probabh a 
clove interrel Uioiislnp between them One oi the effects ot biliare 
exclusion mae be tlie disuirimicc ot the rcgulatnrt mechanism of mucous 
secretion winch exposes tlie surtace epithelium to the action of the 
gastric juice 

coxcr esroxs 

The results ot this iinestigation suggest the possibilitx that altera- 
tions in tlie tunction ot the Iner and in the secretion ot bile mat be 
important factors in the etiologt ot peptic ulcers Although gross or 
microscopic changes m the biliart tract are found m onh a small per- 
centage of cases ot ulcer m nian,^® netertheless tunctional disturbances 
that are not recognized bt present inadequate methods mat exist The 
periods of remission and exacerbation tliat characterize so-called cliromc 
ulcers mat coincide with intermittent functional alterations m tlie stom- 
ach and duodenum in response to changes in the liver and bihart ststem 
It peptic ulcers are associated with deficienct of tlie liter m man the 
administration of liter maj be of therapeutic talue A clinical studt 
IS in progress to detenmne the efficacy of this form of treatment The 
results obtained from these prehminar) studies suggest tliat treatment 
With liver does hate a beneficial effect, but the studies hate not been 
carried on for a sufficient length ot time to enable us to form definite 
conclusions 

15 Bensley, R R The Structure of the Glands of Brunner Decennial 
Publications, Unitersiti of Chicago, 1903, tol 10, p 279 

16 Benslej , R R The Structure of the Mammalian Gastric Glands, Quart J 
^Iicr Sc 41 361 (Not ) 1S9S Lim, R K S The Gastric ^fucova Quart J 
Alicr Sc 66 187 (June) 1922 

17 Schmidt, A Ueber die Schleimabsonderung ira Magen, Deutsclies A.rch 
f khn Med 57 65 (Ma^ 2S) 1S96 Kaufmann, J 3fangel an ifagensdileim 
(Am^xorrhoea gastrica) seine pathologische Bedeutung und seme Beziebungen zur 
H\peraciditat und zum Magenschwur 'Xrcli f Veraauungskr 13 616 (Dec 20) 

1907 Foster, N B The Chemical AfftniO of Mucus for H\droch!oric Aad, 

Am J M Sc 133 303 (Feb) 1907 

18 Sherwood, W “k Surgical Lesions of the Bilian Tract \nn Surg 
S8 17S (Aug) 192S 



DIAPHRAGMATIC ADHESIONS 


JEROME R HEAD, MD 

CHICAGO 

In this papei I shall point out in what manner adhesions between 
the diaphragm and the wall of the chest can act to further the healing 
of pulmonary tuberculosis and how, in their presence, the production 
of diaphragmatic paralysis may be harmful rather than beneficial 

As a basis for this consideration, one must accept the fundamental 
proposition that movement of a tuberculous lung discourages healing 
while rest favors it 

Since the time of Galen there has been active discussion concerning 
the effect of contraction of the diaphragm on the ribs to which it is 
attached Galen ^ believed that it raised them slightly Borelh ^ and 
later von Haller ^ were of the opinion that it tended to draw them 
downward In 1853, Duchenne,^ of Boulogne, presented the results 
of experiments on dogs, horses and human beings, which seemed con- 
vincing substantiation of the earlier conception of Galen In 1896, 
Gerhardt,® while admitting the probable correctness of Duchenne’s 
views, called attention to the fact that anything tending to lower the 
dome of the diaphragm or to raise its attachment to the wall of the 
chest might so change the direction of its pull on the ribs as to draw 
them downward on inspiration Between 1918 and 1924, Hoover,^ 
reported the results of numerous clinical observations and experiments 
on dogs which directl)' controverted those of Duchenne and substantiated 
the observations of Borelh, von Haller and Gerhardt 

The essence of Hoover’s conclusions is that the contracting dia- 
phragm exerts a medianward rather than an upward pull on the lower 
ribs, and consequently acts as an antagonist of the muscles tending to 
elevate and spread them He observed repeatedly in human beings and 
dogs that paralysis of the hemidiaphragm was followed by an increased 
upward movement of the lower ribs on the affected side and a widening 
of the subcostal angle Stimulation of the nerve caused a narrowing 

* Submitted for publication, Oct 20, 1929 

1 Galen, Borelli, and \on Haller, cited b\ Duchenne Union Med 7 105, 

1853 

2 Duchenne Union Med 7 105, 1853 

3 Gerhardt Ztschr f Khn Med 30 37, 1896 

4 Hooier, C F The Functions of the Diaphragm and Their Diagnostic 
Significance, \rch Int Med 12 214 f A.ug ) 1913 
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f>i Jh( !(iu<i jMii <1, tilt tlmrix ixapt in tin txctjiii 

iln^hiii i\(i\ vni ill '■tiltro'.nl m^!< md i In^h di i’ 

’icli 

Hi 111 iiiit nm d tliu iindii iioimii t 4 (iiditii>n'' (he nni'-clcs linuiiu 
iti till nils win dill til u\i uoiiK till lilt i"oiiisiii ot the fliaphr 11,111 
I'lit Ml his (.him d ohs(.i\ itmiis he tmiiul in accord with Gcrlnrdt that 
]ntholo^'ic 1 ntors tciidnii: to lower the dome ol the* dnphrag'in or rane 
ite ati leliiiu lit to the' rihs st* mere i^-ed its medianwnrei pnl! that the 
lower nils wire drawn iiiedi inward on nisjnration He noted cspecialle 
that Inyh idhesions iielveen the diajihr it,Mn and the wall ot the cheat 
could hrniu ihont this j-iar.ulox 

I \iienment il and clinical ohsereatioiis ol nn own (to be published 
soon') ha\e in the mini substanti itcd the work ot Hooeer 

1 lie di ijihratmi irismi; irom the six lower ribs the lumbar \erte- 
brae md the ensitorm cartilage, arches upward and medianward to 
Its insertion m the central tendon It is maintained in its domelike 
shape b\ the negatne intrapleural pressure, the pericardial ligaments, 
the positne intra-abdominal pressure and the support of the abdominal 
Mscera For a considerable distance abo\e its origin its upper surtace 
coheres to the thoracic wall Neither its origin nor its insertion are 
fixed points Contracting thus around an arc, in what direction it 
exerts its force on the ribs to which it is attached must depend on the 
ratio between the height and the breadth ot the arch The higher the 
dome, the more the pull will be upward, the lower the dome, the more 
medianward At the beginning ot inspiration the upward tactor must 
be at Its ma’ximum As inspiration proceeds and the dome descends 
and the ribs rise, the median pull must increase proportionate!} 

From this it is obvious that adhesions between the diaphragm and 
the w all of the chest make more direct the medianw ard pull be raising 
the origin of the muscle, and so decreasing the height of the arch Not 
onh do the} bring the diaphragm into more direct antagonism to the 
muscles tending to elevate the ribs, but they limit the descent of the 
diaphragm itself They act thus to decrease both costal and diaphrag- 
matic breathing If, as not infrequent!} happens, the adhesions are on 
a level wuth the dome, or even higher, the diaphragm is wholh preiented 
from descending, and the entire force of its contraction is exerted m 
drawing the ribs downward and medianward with the result that on 
inspiration the} are moved paradoxicall} m this direction The 
adhesions prevent descent of the diaphragm and the diaphragm pre\ents 
expansion of the bony thorax The resulting immobiht} must be 
assumed as being favorable to the healing of tuberculous lesions 
If, under these conditions, the diaphragm is paraK zed b\ extraction 
of the phrenic nerre respiration m the lung must be increased The 
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diaphragm, fixed already m an expiratory position and contributing 
little to respiration, has been functioning chiefly in restricting the move- 
ment of the ribs Its paralysis serves only to mobilize the ribs and allow 
them to function normally It does not throw the dome into a higher 
position or alter appreciably its excursion 

REPORT or CASES 

Case 1 — Mr J L , single, an American laborer, aged 40, came to the dispensarr 
of the Research and Educational Hospital complaining of the usual sjmptoms of 
pulmonary tuberculosis of two years’ duration A year before, he had developed 
pleurisy with effusion of the left lung and had been treated by repeated aspirations 
Physical, roentgen and sputum examinations confirmed the diagnosis of bilateral 
pulmonary tuberculosis The roentgenogram showed high adhesions between the 
left side of the diaphragm and the thoracic wall Examination with the fluoroscope 
showed no descent of the left diaphragm On physical examination, it was found 
that movement of the ribs throughout the left thorax was markedly restricted, and 
that on inspiration the lower ribs moved downward and inward, paradoxically 
The patient complained of inspiratory pain in this region 

On March 2, 1929, the left phrenic nerve was extracted Observation of the 
respiratory movements after the operation revealed a marked increase in the move- 
ment throughout the affected side The lower ribs now moved m the normal 
direction on inspiration, and the pain which had been present previous to the 
operation had disappeared There was little, if any, further elevation of the 
diaphragm 

Case 2 — Mr J C, single, American, an office worker, aged 30, entered the 
Research and Educational Hospital of the University of Illinois, complaining of a 
draining sinus of the left axillary region On the basis of clinical and roentgeno- 
logic examinations, a diagnosis of chronic empyema was made Following a course 
of irrigations, he was operated on, and a cavity was found which was 
bounded below by the diaphragm and extended upward and posteriorly under the 
scapula The ribs and the intercostal tissues overlying it were resected, and 
the wound was packed Healing progressed satisfactorilj , except that a small 
sinus persisted 

Six months later, the sinus was still present, and examination at this time 
showed that on inspiration the area of the old wound was drawn forcibly inward 
and downward, and that there was a paradoxic movement of the ribs of the entire 
lower thorax The movement of the upper ribs was markedly restricted It 
seemed obvious tliat these phenomena were caused by the pull of the adherent 
diaphragm, and that the continuous intermittent tug was a factor in preventing 
healing of the sinus For this reason, the left phrenic nerie was extracted Fol- 
lowing the operation, the area of the wound was no longer pulled inward on 
inspiration, and the movement of the upper ribs was markedly increased The 
discharge from the sinus showed a decrease of SO per cent The vital capacitj, 
which before the operation had been 1,600 cc, was raised to 1,700 cc 

In this case high adhesions between the diaphragm and the wall of 
the chest produced a paradoxic movement of the lower thorax This 
was reversed bv parahzing the diaphragm, with the result that the 
vital capacitv was increased rather than reduced 
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I \I I KI MI \1 \J I \ IDI.Nel 

\hhi>u”]i (iLiliucll ,md Il()i>\cr coiilIiuIlcI tint high adhtbiom 
hiiwn-n the dn]dingiii ind the wall of tlie chest limited thoracic 
e\eur'-ion md althougli Ilooxei \enfied this h\ ob'.er\ ations on dogs 
the iilieiioiiieiion Ind not been recorded grapliicalh For this reason 
the lollowing exiieriinent w.i'- pei termed 


Pkotokh — \ iinlL iinlice ilog weighing- 22 pounds (10 Kg) wis gnen an 
cIIkt niKstlicsn T hroueh an upper alxloniiml inci‘;ion tlie right dome ot the 
elnphraem u o 'utured lo the wall oi the ehe^t it tile le\cl ot the iourth rib m 



r en ic 

Her-a e_ 




' 2<5 ' z ^ 

The upper tracing show s the respiratotw excursions of the lett heraithorax the 
lower tracing, those of the right hemithorax which had been restricted b\ the 
production of adhesions between the diaphragm and the wall oi the chest At 
the point Y the right phrenic ner\e was cut This was lollowed immediateh b^ a 
marked increase in the excursion of this side of the thorax 


the niidaxil]ar\ line Three mattress sutures were passed through the diaphragm 
and the wall of the chest so that the tree ends hung on the outside oi the bod\ 
and each suture when tied surrounded a nb The right phrenic ner\e was exposed 
in the neck and the costochondral junction of the two sixth ribs was laid bare lor 
the attachment ot the recording apparatus Threads were tastened to thcs<_ two 
points and carried downward aboae the dogs bod\ and o\er pulk\' and fmalh 
were attached to the muscle le^ers in such a manner tint an upward mo\eint-m ol 
the rib' would produce an upward inottimiU ot the k\cr' and \ict \er a The 
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levers were adjusted to make tracings on a revolving smoked paper The upper 
lever recorded the movements of the left side cf the thorax, and the lower lever, 
those of the right side 

A normal tracing was taken (figure), which showed a marked limitation of 
movement of the hemithorax m which the adhesions had been produced Follow- 
ing section of the right phrenic nerve, the movement of the ribs on this side was 
iminediatclj and greatly increased 


SUMMARY 

Adhesions between the chaphiagm and the wall of the chest lestnct 
markedly the respnation of the homolateial lung 

In the presence of such adhesions, induction of paialysis of the 
hemidiaphragm may so increase the costal movements on that side that 
the vital capacity is increased lather than deci eased 

It IS suggested that the presence of such adhesions favois the healing 
of tuberculous lesions m the lungs and should be considered as a contra- 
indication to the operation of phrenico-exei esis 



AX OPERATION FOR THE TREATMENT OF 

spasjmodic torticollis 

^LTER E DAXDY M D 

BVLT^^£ORF 

It would seem that spasmodic torticollis had run the gauntlet of 
therapeutic eftorts, surgical medical and psychic With one exception 
the surgical methods hate appeared alter one or tt\o trials and after 
an all too brief test of time And with this exception the lack of 
later reports by the authors is in itself almost adequate etndence that 
the procedures hat e ended m tailure as indeed thet must Again, w ith 
this one exception, the surgical procedures hat e been umlateral Regard- 
less of one’s interpretation of the underltang spasmodic contractures, 
one tact is incontrot ertible, i e the disease is neter restricted to an 
isolated muscle or to a single group and neter to the muscles of one 
side 

To one not acquainted with the subsequent histon ot cases of this 
t}pe, It IS indeed difficult to understand wht the simple excision of a 
preponderant, ngid, sternomastoid muscle, which dominates the clinical 
picture, or better still, the dit ision of the spinal accessory nert e supplj - 
mg It and the trapezius muscle, will not correct the condition But 
these efforts haie long since been found to do little more than to afford 
at best a brief respite Soon the muscles on the contralateral side pulled 
the head just as strongly, and when a similar procedure was earned out 
there, other muscles quicklj produced spasmodic contractures lust as 
seiere and unrelenting as the onginal Attempts of this character were 
more or less in vogue, though unsuccesstul, when Keen,^ Amenca s 
pioneer neurologic surgeon realizing the more widespread imohement 
of the ceriical muscles of rotation first (1891) dnided on one side 
the postenor dnisions ot the first second and third cervical nenes at 
their points of emergence from the vertebrae It is interesting that 
Keen’s surgical effort was advised bv Wier Mitchell from whom a 
functional basis for spasmodic torticollis vv ould not hav e been 
unexpected Tavlor^ (1915) reported unilateral division of the upper 
four sensors cervical nerves bv the first mtraspinal attack tor this 
condition His procedure was proposed on the basis ot Foer^ter^ 

* Submitted for publication Dec 31 1929 

*Frorci the Johns Hopkins Univer-itv and Ho pital 

1 Keen W A. Xcw Operation for Spasmodic \\ rv Xeck — Xamel 

Division or Ex'ection of the Verve- Supplvin? the Po-icrio- Rotator Mu-c1l_ o* 
the Head Ann Surg 13 44 IS'^l 

2 Tavlor k S in folin-on Surgical Tlitripci ic- Kif Ip =2- 
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treatment in Little’s disease by reduction of the incoming sensory stimuli 
McKenzie ® (1924) carried the intraspinal divisions of the nerves a 
step farther, sectioning the upper three motor and sensory nerves and 
the spinal accessory nerve — ^all on one side only 

In the following year (1925), Finney and Hughson * reported the 
first bilateral operation It had been used in thirty-one cases over a 
period of twenty years, twelve patients were cured, sixteen were 
improved and three were unimproved Both spinal accessory nerves and 
the posterior divisions of the upper three cervical nerves on both sides 
were divided The former were sectioned alongside the sternomastoid 
muscles, the latter at the points of emergence from the spinal vertebrae 
The operation was, in effect, a bilateral Keen’s operation plus division 
of both spinal accessory nerves These were the first cases of torticollis 
in which cure was reported, the reason doubtless being that for the 
first time a number of nerves had been sectioned bilaterally Moreover, 
they were the first cases m which the operative results were adequately 
tested by time That cure was not obtained m all cases was due to a 
number of factors, principally, no doubt, to the individual variations in 
the extent of involvement of the cervical muscles 

The etiology and pathology of spasmodic torticollis are not known 
The explanation of the disease is beset with many theories which it is 
needless to repeat None is satisfying I have nothing to con- 
tribute to this phase of torticollis , my only strong conviction is that 
spasmodic torticollis is undoubtedly of organic and not of functional 
origin Certainly in the group which I have observed there has been 
no greater evidence of a psychogenic background than in any other 
group of lesions subjected to surgical treatment This, I am sure, is 
also Finney’s strong impression in his larger series of cases Even 
could a functional basis be entertained, certainly no treatment along 
these lines has offered results at all comparable with those obtained by 
the operation of Finney and Hughson 

author’s operation 

Greatly impressed by the ultimate results of Finney’s long struggle 
with torticollis, it occurred to me that much the same results could per- 
haps be obtained more simply and easily by attacking the same nerves 
centrall}', i e , alongside the spinal cord rather than at the periphery 
Seven patients have been operated on by this method Through a high 
cervical laminectom} in which the laminae of the upper three vertebrae 
are removed, the sensor} and motor roots of the first, second and third 

3 McKenzie Kenneth G Tntnmeningcal Duision of the Spinal Accessory 
and Roots of the Upper CerMCal Nerves for the Treatment of Spasmodic Torti- 
collis, Surg G\nec Obst 39 5, 1924 

4 Finne\ and Hughson Spasmodic Torticollis ‘\nn Surg 81 255, 1925 
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ccnical ner\es are resected (fig 1) Until recentl}, both spinal 
accessor\ ner\es r\ere dnided alongside the medulla, and the higher 
medullar} branches uere also dnided independent!} uith a tin} knife 
But recenth this part of the operation has been discarded because it 
IS not al\\a}S possible to get the anteriormost filaments It has, there- 
lore seemed better to dnide the spinal accessor} nene intraspinall} 
at the lerel of the foramen magnum onl} m order to expose better the 
first cer\ical motor branch When the operation is concluded, the 
patient is turned on the back, and through tuo small incisions in the 
neck the spinal accessor} ner\es are exposed and dmded, and the 
central ends are re\ersed and sutured in this position to avoid regen- 
eration (fig 2) Separate section of the spinal accessor}’’ nenes 
requires onh a few moments and is I think much better than intra- 
cranial dnision of these nerres at the jugular foramen as earned out 
by McKenzie in his unilateral procedure To dnide this nene at the 
jugular foramen, an extra bon} defect of considerable magnitude must 
be made in the occipital bone 

In earlier cases the outcome of function of the stemomastoid and 
trapezius muscles was aw’aited, and at a later date the spinal accessor} 
ner\ es w ere divided, w hen necessar} , under local anesthesia Although 
the upper three cenical sensor} roots had been sacrificed and the 
cutaneous sensation abolished, there is usuall} some pain in exposing 
the spinal accessor} nenes Doubtless this pain is of S}mpathetic 
origin It IS quite rariable, however, in one case there w’as no sensa- 
tion throughout the dissection of both nenes, in another there was 
some but not much pain, and in a third the pam was quite seiere 
throughout In the latter case and two others, the postoperatn e tunc- 
tion of the stemomastoid muscle had persisted on one side onl} 

Intradural dmsion of the sensor} and motor nenes is eas} to per- 
form and IS practicall} devoid of danger to life or function Loss of 
function m the affected muscles and in sensation of the skin are abso- 
lute!} total and permanent, because neither the motor nor the sensor} 
nerres can possibU regenerate 

I am not com meed that cutaneous anesthesia is of am lalue in 
determining the course of torticollis In one of the earlier cases the 
fourth, fifth and sixth sensor} roots ivere also sectioned in a longer 
laminectom} It has appeared necessar} to dmde the upper three 
sensor} roots in order to hai e access to the motor roots How ei er, it 
IS quite possible that sufficient retraction of the sensoiy roots ma\ be 
obtained to permit sacnfice of the motor roots onh An effort will 
be made to determine the practicabiht} of subsequent cases attaining 
this end It will doubtless be difficult because the sensor\ roots are 
short run trans\ersel} and are directh oier b\ the motor roots The 
first cerrical sensor\ root is aanable and probabh of little concern 




Fig 1 — Operatne procedure bv r\hich the upper tliree cervical sensor\ and 
motor nerves are divided on both sides mtraspinalh The instrument shown 
Cutting the nerve was de\ ised b\ Dr Trimble It is a combination nerre hook 
and scissors 



Tig 2 — Separate incision used to expose and dnidc the spinal accessorr ncr\e 
in the neck on each side It la sutured in rererse in order to preient regeneration 
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In three ot our cn^es it was absent on both sides and in one case it 
was present on one side onh 

Although the pcnerted function ot chiet concern m spasmodic 
torticollis IS rotation ot the head and neck there niai be associated 
strong flexion extension or lateral traction Practicalh all of the 
muscles pertorming rotation when acting singh also produce flexion or 
extension w hen acting together There are m fact few muscles attached 
to the head and neck w Inch do not m some degree perform either flexion 
or extension in addition to rotation or imerseh thei perform some 
degree ot rotation in addition to the predominant function of flexion 
or extension The exact amount of rotation at am time depends on 
the leierage obtainable b\ the attachment of the muscle to the head 
or neck Muscles such as the longus colli and the scalenus medius 
are too stncth median to pennit ot more than a minimal degree of 
rotation when acting smgh The larger semispmalis capitis (corn- 
plexus) muscle though mesialh placed has such a wide attachment to 
the skull that when acting smgh a lair degree of rotation must result 
in addition to its predominant function ot extension Eren the group 
of small suprahioid muscles must plai a minor role m rotation, flexion 
and extension of the head and neck 

In looking at the problem of torticollis from an anatomic standpoint, 
it IS therefore, e\ ident that practicalh all the muscles of the head and 
neck must be taken into consideration It is of course, entireh unprac- 
tical to put them all out of commission m order to obtain a cure 
Fortunately this is unnecessari Fmnei’s proposal which has prmed 
so successful has demonstrated that if the tuncbons ot the major 
rotators are eliminated, in whole or in part the remaining muscles are 
for all practical purposes adequate to take care of the required moie- 
ments of the head and neck and bi their traimng subsequent to the 
operation, the torticollis can be mercome entireh or nearl) so Fortu- 
natel}, also, the empiric results of Fmnei and Hughson hare shown 
that it IS onh necessaiw to dmde the spinal accessory nenes and the 
upper three cenical motor roots to attain this 

In most cases at first, the head seems a little insecure and lacking 
m support but this deficit is gradual!} oiercome when the intact or 
partialh preserved muscles are used as a result of training After a 
few months scarceh ani residual muscular loss can be detected sub- 
jectneh or objectneh A glance at the accompaiwing table will show 
exacth how tar the remoial ot this nerve supph affects these muscles 
The function ot the entire group ot ^mall muscles beUveen the occiput 
atlas and axis is entireh abolished The remaining muscles are entered 
m their probable importance as rotators of the head and neck It 
will be seen that some ot the larger muscles retain part — e\en a large 

ot their nerve supph alter the operation and thereiore lunction 

in re<;tricted decree Ol the more miixirtant mu'cle^ oi rotation onh 
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the functions of the sternomastoid and tiapezms and splenius cervicis, 
the longissimus capitis and cervicis, the semispinahs capitis and the 
levator angulae scapulae and the group of scaleni muscles aie affected 
only in part 


Muscles Involved m Toificolhs 





Function After 

Group I 

Small muscles 
between the 

Muscles 

Rectus capitis anterior 

Rectus capitis lateralis 

Nerve Supply 

Operation 

atlas axis and 
the occiput 

Rectus capitis posterior major 

First and second 

Abolished 

Rectus capitis posterior minor 
Obliquus capitis inferior 

Obliquus capitis superior 

cervicals 


Group II 

Sternomastoid 

Spinal accessory 
second and third 
cervicals 

Abolished 

Larger mus 
cles of neck 

Trapezius 

Spinal accessory 
second and third 
cervicals 

Abolished 

(arranged in 
order of im 

Splenius capitis 

Second and third 
cerv icals 

Abolished 

portance) 

Splenius cervicis 

Fourth to eighth 
cervicals 

Unaffected 


Leiator anguli scapulae 

Third and fourth 
cervicals 

Second to fifth 
cerv icals 

Only partially lost 


I ongissimus capitis 

Partially lost 


Longissimus cervicis 

Fifth to eighth 
cervicals 

Second to eighth 
cerv icals 

First, second and 
third cervicals 

Unaffected 


Semispinahs capitis (Complexus) 

Partially lost 


Longus capitis 

Abolished 


Scalenus anterior 

Scalenus medius 

Scalenus posterior 

Second to seventh 
cervicals 

Slightly affected 

Group III 


Digastric 

Fifth and seventh 
cranials 

Unaffected 

Muscles of 

Stjlohjoid 

Seventh cranial 

Unaffected 

deglutition, 

Mylohjoid 

Fifth cranial 

Unaffected 

many of which 

Geniohjoid 

Twelfth cranial 

Unaffected 

pla> a minor 

Geniohjoglossus 

Twelfth cranial 

Unaffected 

role in rota 

Hjoglossus 

Twelfth cranial 

Unaffected 

tion of the 

Thyrohyoid 

Twelfth cranial 

Unaffected 

head and some 
are affected 
b> section of 
the cerMcal 

Sternohy old 

Fii St, second and 
third cervicals 
and twelfth 
cranial 

Affected 

ner\ es 

Omohi Old 

First, second and 
third cervicals 
and twelfth 
cranial 

Affected 


Steriiothi roid 

First, second and 
third cervicals 
and cranial 

Affected 


The retention of muscular function obviously explains the failure to 
obtain complete cure in all cases of torticollis , in some cases the result 
has fallen just short of complete cure and m practically all tremen- 
dous impro\ement has been secured This statement is based on the 
results in the cases of Finney and Hughson and my own 

The limits of intraspmal section of the cervical nerves are reached 
b\ the operation here reported Since the fourth cervical nerves give 
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rise to the phrenic ner\es and the remaining cenical ner\es to the 
branchial plexus the\ must be left intact In those more refractor} 
cases which retain some degree of imperfection after operation, it is 
possible to pick out more readih a single or small group of offending 
muscles and remo\ e their nerve supply b\ a minor peripheral operation 
In one of ni) cases the head is entirel)' quieted, but the leiator angulae 
scapulae muscle continues to act As this muscle recenes its nerve 
supph from the third and fourth cerMcal ner\es, its function is parti} 
retained after the intraspinal operation Impro\ement should be 
anticipated by peripheral dnision of the branch of the dorsalis scapulae 
ner\e 

REPORT OF CASES 

Group 1 Cases tn Which Curt is Reported — Case 1 — A phvsician, aged 40, 
four jears before being operated on for spasmodic torticollis, experienced a 
slight aching pain in the louer cenical rertebrae, uhich tended to be transmitted 
around both sides of the neck At that time, she paid little attention to it 
During this attack, the head began to draw to the right and backward, both 
steadilj and spasmodicalh Relief was obtained bi allowing the head to hang 
o^er the edge of the bed Over a period of two jears, the sjmptoms graduallv 
disappeared — the shaking first, the pain later For a vear and a half, she was 
quite well Four months before operation, the head again began to draw to the 
left instead of to the right, as m the first attack This state of powerful con- 
traction of the rotator muscles persisted without signs of relenting If the head 
was forcibh drawn to the other side, it returned in a few seconds At times, 
there was numbness in both arms Until two months before, there was a sore 
spot at the base of the neck on the left side 

Examination — ^Aside from the local condition, there were no objective signs 
The head was stronglj drawn to the left and slighth backward The sterno- 
mastoid muscles seemed to preponderate 

Operation — ^April 11, 1928 The spinal accessorv, the first, second and third 
motor roots and the upper five sensorj roots (the first sensorv root was absent 
on both sides) were sectioned intraspinallj 

Subsequent division of the left spinal accessorv nerve in the neck was neces- 
sarj in this case. 

Result — 'kfter operation, there were minor jerkmgs of the head These were 
graduallj overcome during the next few months Since then, the patient has 
been free from svmptoms 

Case 2 — ^An armv officer, aged 40, had torticollis, with turning of the head 
to the left, for the past two vears Previous to the onset of this trouble, he 
had had two or three attacks of “crick in the neck’ each vear Sixteen vears 
before, one of these attacks kept him bedtast for several davs, four vears before 
another equallv severe attack was followed three davs later bv an excruciating 
“neuritis” m the left arm lasting for a month Throughout the duration of the 
torticollis, the head had drawn steadilv to the left He could counteract it onlj 
bv holding the hand on the head There were no spasms The examination 
revealed nothing except the local condition The head was drawn strongK to 
the left, efforts to correct this position caused the head to jerk The left sterno- 
niastoid muscle was drawn like a tight cord across tie neck 
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Opciation — Nov 26, 1928 Laminectomy of the upper three cervical vertebrae 
was performed The spinal accessory nerves and the upper three cervical motor 
and sensory nerves on both sides were sectioned intradurally Subsequent division 
of the spinal accessory nerves m the neck was unnecessary 

Result — Immediately after the operation, the same tendency to draw the head 
to the left was evident at times, there was also some unsteadiness of the head 
The patient spent several months abroad and returned free from all symptoms 
and has so remained to date He has resumed his occupation 

Case 3 — An accountant, aged 47, had been troubled with a stiff neck for 
eight years One year earlier (nine years before operation), a dull pain persisted 
along the right side of the neck for several months, finally disappearing One 
year before, his head began to draw to the right Six months before, the head 
began to draw to the left and the left shoulder began to elevate 

The results of the examination were negative, except for the outspoken torti- 
collis with rotation to the left 

Opeiatwn — J\Iarch 20, 1929 Cerncal laminectomy was performed The 
spinal accessory and the first, second and third sensory and motor roots on both 
sides were sectioned intradurally Before the patient left the hospital, the left 
spinal accessory nerve was divided in the neck 

Result — Unsteadiness of the head persisted in slight degree for two or three 
months, gradually abating Immediately after operation, the patient complained 
of some subjective difficulty in swallowing, but aside from some tardiness there 
was no objective evidence of dysphagia There has since been improvement but 
not entire correction 

Case 4 — A sparely nourished woman, aged 61, presented a most remarkable 
picture of torticollis When lying in bed, her head was quiet and could be main- 
tained in any position, but immediately on assuming a sitting posture her head 
would snap with great violence Although the most common direction of the 
sudden thrust of the head was to the right, it was frequently to the left, at 
other times, backward and forward She was never able to swallow when sit- 
ting or standing unless the head was strongly supported With the head at rest 
in the recumbent position, there was no dysphagia She dated her trouble to a 
so-called nervous breakdown five years before She had been weak and nervous 
and unable to carry on any longer Two months later, pain and jerking appeared 
in the neck It was intermittent at first, but recently had become incessant when 
she was not in a recumbent position 

0 pci a f ton — Oct 31, 1929 Tnbromethylalcohol anesthesia was administered 
b\ rectum Both spinal accessorj nerves and the first, second and third sensory 
and motor nerres on both sides W’ere sectioned intraspinally Two weeks later, 
both spinal accessorr ner\es were dnided without any anesthesia and absolutely 
without pain, except when the spinal accessory nerves were handled This pain 
was referred to the ear and angle of the jaw 

Result — The patient remained in the hospital one month She was practically 
de\oid of imoluntarr moiemcnts of the head or neck at all times after the 
operation 

C'\SF 5 — 4 lairh well nourished man, aged 59, referred the onset of his 
trouble to a spell of constant pressure and stiffness in the back of the neck 
This occurred four rears before operation for torticollis, lasted six months and 
disappeared completeh Soon thereafter, sudden attacks of intermittent spasms 
01 the muscles of the neck caused rotation of the head to the right everr two 
or three minutes Graduallr the attacks fused and strong rotation of the head 
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persisted to the right Shorth alter the onset of his trouble, he had difficulu m 
swalloiMiig This became so set ere that he could scarcelt take anj nourishment, 
and m two weeks he lost 20 pounds (9 Kg) ithout apparent reason, swallow- 
ing gradualh improted and fiinlh became normal It was, howeter, alwajs 
necessart to stcadt the head with his hand m order to permit swallowing The 
contractions were said to cease during sleep, but the rotation of the head to the 
right persisted The plattsma contracted during the attacks, and athetoid-hke 
moiements ot the hands and arms participated 

Optrattoi! — ■\pril 20, 1925 The spinal accessora first second and third 
cervical and sensorv nerves on both sides were sectioned mtraduralh 

This was one of the most severe cases of the series Three montlis before 
this operation, the patient had been operated on bv Dr Finnev He seemed so 
little improved that at Dr Finnev ’s suggestion I cut the nerves intradurallv for 
the first time On discharge from the hospital three weeks later, the patient was 
considerablv improved though far from well I have not seen him since then 
and was fullj prepared to be told, m response to an inquirv, that he was still 

affected The following excerpts from his letter (Dec 1, 1929), however, lead 

me to include him w ith the patients cured ‘ I hav e been doing v erv vv ell Hv 
neck does not pull or jerk anv more I weigh 143 lbs , the best I ever 

weighed was 153 ’ 

This case well emphasizes the importance of time and practice in overcoming 
the traces of the maladv which still linger after the operation I am, therefore, 
not at all sure that the same results might not well have followed Dr Finnev s 

operation had he been given the advantage of the same period of time for 

recoverv 

GiOKp 2 Cases in Jl'Incli Great Improzevtenf but Not Cure Is Reported — 
CvsE 6 — N school teaclier, aged 41, had severe tension of the head to the left 
and downward Although the head was alvvavs stronglv rotated, there were 
frequent superimposed spasms Voluntarv efforts increased the unsteadiness of 
the head She dated her trouble to a “nervous strain” a vear before Soon 
thereafter, the head began pulling to the left Recentlv, the character of the 
attacks changed The head drew to the right and backward A rest cure of 
eight weeks seemed to bring some improvement, but it was slight and verv 
transient A brace between the head and shoulders was worn for two weeks 
without appreaable benefit Contractions were worse when she was Ivmg down 
Her voice was greatlv affected for some time, and she was able to talk onh m a 
whisper for several weeks 

Operation — Nov 14, 1928 Both spinal accessorv, the first, second and third 
cervical sensorv and the motor roots on both sides were sectioned intradurallv 
Three months later, with the patient under local anesthesia the right spinal 
accessorv nerve was divided m the neck Although the skin was anesthetic trom 
the loss of sensorv nerves, it was neces^arv to use procaine hv drochloride freelv 
in the deeper approach to the spinal accessorv nerve Section of this nerve 
produced a sharp deep pain in the ear and at the angle of the lower jaw 

Result — The head is pertectiv still but the neck continues to draw to the left 
and to rotate slightlv The muscle involved is undoubtedlv the levator anguli 
scapulae, perhaps the scaleni are also involved The end-result oi this strong 
muscular pull is a curvature of the neck The patient Ins subcon'ciouslv over- 
come the curvature bv a counter pull and holds tiie bead erect v ithout conscious 
effort She feels so well tint she n iinwinine lor the presen at least to have 
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the nerve to the levator anguli scapulae muscle divided in the neck She is again 
teaching school Her voice, though still not normal, is greatly improved and 
carries without apparent effort 

Case 7 — A sparely nourished man, aged S4, a bookkeeper and accountant, 
first noticed jerking of the right shoulder upward and forward when writing 
two years before operation Sixteen months before, his head drew downward 
and to the right, remaining there all day A few days later this contraction was 
repeated, and since that time the head had remained almost constantly down in 
that position when the patient sat or stood Partial relaxation occurred when 
he was in a recumbent position Jerking developed only when he attempted to 
correct the position of the head Relief was obtained when his mind was diverted. 
It was intensified by nervous strain 

Opoahon — Oct 9, 1928 The spinal accessory, first, second and third cer- 
vical sensory and motor roots on both sides were sectioned intradurally Ten 
days later, with the patient under local anesthesia, the right spinal accessory nerve 
was divided in the neck 

Result — This IS the only case in the series m which unsatisfactory results 
were obtained Objectively, the patient is tremendously improved, certainly more 
than the patient in the preceding case Indeed, with very little effort on his part, 
the slight rotation which exists could easily be overcome by voluntary effort 
He is the only psychoneurolic patient of the series His chief complaints now 
are sensory rather than motor, the most serious trouble being a sensation of a 
steel bar that is constantly separating his shoulders and holding them apart 
Pams were constantly present in the neck and head Being most introspective, 
he IS continually striving to find an underlying cause for his symptoms, experi- 
menting with medicines and seeking the advice of numerous physicians A back- 
ground of serious family and financial troubles has added greatly to the somatic 
psychosis He cannot be induced to make any effort to readjust himself to his 
family or to renew his work 

RnSULTS or the operation 

Of the eight patients included in this effort, five appeal to be 
practically cured, two fall short of a complete cuie but are greatly 
improved , the remaining one is not living In four of the cases in 
which cure has been recorded, the patients have been personally 
examined from time to time since the operation The lapse of time 
since the operation is twent}^ fourteen, nine and two months These 
patients have consistently improved since the operation, and without 
exception have had no recessions All patients, with the exception of 
the one operated on recently, have returned to work Perhaps it is not 
justifiable to include the last case in which only two months have 
elapsed since operation My reasons for doing so are that this case 
was the most severe in the group, and the patient was more perfectly 
rchc\cd immcdiatel} after the operation than any of the others The 
fifth patient considered as cured has not been seen since the operation 
The inclusion of this case in the group in which cure was obtained is 
based on the patient’s letter in which he stated that his head no longer 
jerks and draws He was the first patient operated on by this method 
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The two patients who were not completcK cured are greatl> 
improxed Perhaps a constr\atue estimate of the improtement m these 
patients whom I have obser\cd from time to time, would be about 
S5 per cent The degree ot objectne impro\ement is about the same 
m each instance and in each the lexator anguh scapulae muscles (possi- 
bl\ tlie scalcni are parth at fault) seem to be the cause of failure to 
obtain complete cure 

There has been no operatne mortahtx m the senes The single 
death occurred three weeks alter operation and was due to pneumonia 
contracted ten daxs atter the operation During the first ten daxs the 
patient xxas entirelx free from lexer a fact xxhich eliminates the anes- 
thetic as the cause He xxas a x-erx' bad surgical risk haxang auncular 
fibrillation and adxanced mxocarditis but he xxas so miserable that xxe 
XX ere prex ailed on to accede to his urgent xx ish for the operation 

In onlx one instance has there been entire freedom from minor 
jerking or draxxing of the head immediatelx after the operation The 
moxements, lioxxexer, lack the tremendous lorce of the preoperatixe 
state Xexertheless, the mere existence of the same muscular effects 
atter the operation xxnll haxe a sex ere psxchologic effect on patient and 
surgeon alike if its existence and import are not realized The patient 
should be prepared in adxance to knoxx that the resultant cure xxall not 
be instantaneous After conx alescence from the operation, the patient 
should be induced if possible, to spend from three to six months in rest 
and in graduated exercises xx hich xx ill strengthen the muscles of the neck 
Finnex and Hughson emphasized the importance of the postoperatix’-e 
period of training in eliminating the last traces of muscular incoordi- 
nation 

^Mention should be made ot a minor degree of dj sphagia xx hich xx as 
noticed in txxo ot mx patients It is noticed prmcipallx m sxxalloxxing 
solids The act of deglutition is alxxajs possible but more effort is 
required Since dysphagia xxas not present before operation, it must 
be due to loss of the nerxe supplj to some muscle of deglutition But 
since this disturbance xxas absent m fixe cases, one is led to xxonder 
xx'hether the muscles inxolxed max not haxe a xanable nerxe supplj 
The table (group HI) shoxving the muscles inxolxed m deglutition and 
their nerxe supply indicates that three of the infrahxoid muscles — 
stemohxoid, sternothyroid and omohjoid — partiallx lose their nerxe 
siipplx bx the operation Each of these muscles also receixes a partial 
nerxe supplx trom the hxpoglossal nerxe i e through the ansa hxpo- 
o-lossi and this remains intact The remaining infrahxoid muscle— the 
thxrohoid is supplied exclusixelx bx the hxpoglossal nerxe The par- 

tial loss of the infrahxoid muscles leaxes the manx suprahxoid muscles, 
to a degree unopposed The xarxmg degree oi nerxe ■^upph to the 
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infrahyoid muscle, i e whether fiom the ceivical oi the hypoglossal 
nerves, probably explains the difference in results with lespect to 
deglutition 

DIFFERENCE BETWEEN THE AUTHOR’s OPERATION AND THAT OF 
FINNEY AND HUGHSON 

In the operation of Finney and Hughson, only the posterioi divisions 
of the first three cervical nerves are divided, the anterior divisions 
being inaccessible By their operation, therefore, the following muscles 
of rotation remain intact or m part as indicated (1) rectus capitis 
lateralis, (2) rectus capitis anterior, (3) longus capitis, (4) sterno- 
mastoid (branches from the second and third cervicals) , (5) trapezius 
(branch from the third cervical) , (6) levator anguh scapulae (branch 
from the third cervical) 

I am not sure that the muscles retained by their operation and 
sacrificed by mine will eventually make any difference in the ultimate 
result It IS my impression that the principal difference, if any, would 
he in the partial preservation of function in the more powerful muscles, 
1 e , the sternomastoid, trapezius and levator anguh scapulae muscles 

SUMMARY AND CONCLUSIONS 

1 An operative procedure is presented for treatment in spasmodic 
torticollis The first, second and third sensory and motor loots on 
both sides are sectioned intradurally, and the spinal accessory nerves are 
divided peripherally, small incisions in the neck being used 

2 Eight patients have been operated on by this method with the 
following results (a) five appear to be cured, (b) two are greatly 
improved but not cured, (c) one died of pneumonia (not contracted at 
the time of operation) three weeks after operation 

3 Torticollis is cured by removing the nerve supply from the 
major muscles of rotation The remaining muscles will overcome in 
time and by training the lost motor function and in most instances any 
remaining traces of the condition 

Note — Since this aiticle was submitted for publication I have sec- 
tioned the upper three motor cervical nerves on both sides without 
sacrificing an\ sensor} fibers There was no difficulty in avoiding the 
sensor^ roots, and the preservation of sensation should make a worth 
while improiement in the piocedure 
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COXGEKITAL DEFORMITIES 

To) ticollis — Von Lackum ^ adT ocated earl} operati\ e treatment tor 
torticollis and reported four cases in intants ranging in age from 5 weeks 
to 5 months m uhom the scar of the belh of the stemomastoid was 
excised None of the cases had responded to manipulate measures 
The injun was found to be sharph limited within the sheath of the 
sternocleidomastoid muscle No attempt nas made to suture the ends 
of the muscle after excision of tlie scar 

Clcidoamiial Dysostosis — Fitchet" reported eight additional cases 
of this anomal}, six of Mhich occurred in three generations of one 
f amilj The article furnishes an excellent re\ lew of the literature 

Congcmtal Dislocation of the Hip — Putti " made a plea for earlier 
treatment in congenital dislocation of the hip In certain parts of ItaK , 


♦Submitted for publication Ma\ 5 1930 

♦This report is based on a renew ot 315 articles selected from SOS titles 
dealing with orthopedic surgen appearing in medical literature between June I 
19’9 and Noi 30 1929 Onh those papers which ceem to represent progress haie 

been selected for note and comment 

1 Von Lackum H L Surg Ginec ObM 4S 691 fMail 1920 

2 Fitchet S M I Bone & Joint Surg II S3S fOct ) 1029 

3 Putti V I Bone vN Tomt Surg 11 799 (Oct ) 1020 
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through educational propaganda people bring their small children for 
examination on the slightest suggestion of an abnormality In this way, 
many congenital dislocations are recognized during the first year The 
roentgenogram at this age will show the nucleus of the upper femoral 
epiphysis absent or smaller on the dislocated side, the top of the femur 
some distance from the floor of the acetabulum and higher than normal 
and an increase in the slope of the acetabulum If the legs of these small 
children are kept m a position which compels the femoral heads to exert 
pressure on the acetabula for several months, reduction of the disloca- 
tion and normal development of the joint will usually occur The author 
devised a triangular wooden frame adjustable to different angles To 
this the child’s legs are strapped in the maximum amount of abduction 
and internal rotation The frame is removed for bathing and manipula- 
tions in abduction and internal rotation X-iay pictures are taken every 
two months Treatment is discontinued when i eduction is perfect and 
the reconstruction of the joint well advanced Treatment usually lasts 
from eight to twelve months 

NUTRITIONAL AND METABOLIC DISTURBANCES OF BONE 

Vtosterol — Smith and Elvove,'* studying the effects of viosterol in 
rabbits, found doses of 2 mg or more usually fatal, autopsy showing 
calcification of the aorta, kidnev and lung Smaller doses increased the 
blood serum calcium rapidly, and a moderate increase in the inorganic 
phosphates of the seium was observed 

Hess, Lewis and Rivkm ® stated the belief that viosteiol is a specific 
for rickets, tetany and osteomalacia A standard dose has been estab- 
lished for the prevention and cure of rickets Prematuie and excep- 
tionally rapid growing infants must be regarded as a separate group, 
and dosage should be based on a biologic estimation of antirachitic 
potency rather than a gravimetric assay of the viosterol Such products 
should be subjected to careful laboratory control 

An editorial ® after pointing out the potency of this drug, quoted the 
warning of the United States Public Health investigators “Of course 
\\ e would not be understood as deprecating the therapeutic use of irradi- 
ated ergosterol, but would rather call attention to the possible harm that 
might result from too large doses ” 

4 Smith, M I, and Eho\e E Pub Health Rep 44 1245 (May 24) 1929 

5 Hess, \ r , Lewis J M, and Rwkin, H Status of Therapeutics of 
Irradiated Ergosterol J A. M A 93 661 (Aug 31) 1929 

6 Irradiated Ergosterol — A Reminder editorial, J A AI A 92 2023 (June 
15) 1929 
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PtHiilliMouff — Ivicliii (Koii \iil) and Bauer” reported a case ot 

apparent o^tcnnnlncn ^Mth .I'-cptic caMtws throughout the bones sn^- 
gc'-ti\e of osteitis fibrosa I he patient \\a<; a man aged 34, who pre- 
‘=entc<i marked niusculir weakness gn\e a in&tor\ of multiple fractures 
and presented \-ra\ pictures showing marked diminution of calcium 
throughout the skeleton Studies of the calcium and phosphorus re\ealed 
(I) niarked!\ ele\ated serum calcium (2) greath increased calcium 
secretion (3) reduced scrum pliosphorus and (4) increased phosphorus 
excretion B\ remo\al of the jiaratlnroid glands the patient was great!} 
benefited His muscle tone impro\ed, tliere was a greater increase in 
calcium deposit m the Iiones He sustained no further fractures and 
\Nas able to return to work A rexiew of the work on parath^ roidectom} 
in conditions of calcium dcficienc\ in bones is appended 

L 1 pcnmcvtal Act oitu galy — Teel and Watkins *’ noted a marked drop 
in the nonprotem nitrogen of the blood of dogs after injection oi pitui- 
tary, anterior lobe extract The\ said that this effect maj be one of 
mobilizing protein from the blood for the purpose of budding up new 
protoplasm This is m harmon} with the pronounced rapidity wath 
which man} of the tissues and organs grow during acromegab 

Osteitis Deformans — Bascourret and Decourt stud}ing ten cases 
of Paget's disease found in each case companng the affected and the 
nonaffected limbs differences suggesting changes m the s^T^pathet^c 
nerious system, increased local temperature In perpulsatiht} of the 
arteries, etc From this the\ argued that the bonA changes are due to 
disturbances in the trophic ner\es particularh the tractus mtermedio- 
lateralis as in tabes 

SCOLIOSIS 

In ankylosing the spine for scoliosis Ivleinberg w ould emplo} as 
much as possible of the Hibbs technic but w ould add the massive tibial 
graft of Albee, placing it on the concave side With a marked razor- 
back deformity, resection of a portion of the involved ribs and the use 
of such ribs for a graft in fusion is a valuable procedure Selection of 
the portion of the spine to be fused is important and an attempt should 
be made to select the primar} curve At anv rate the dominant curve 
or the more deformed curve should be tlie one of choice Xinet} patients 
hav'e been operated on bv Kleinberg since 1919 The results in fiftv- 
four of the cases are recorded Fortv-tvvo or /S per cent obtained excel- 

7 Richardson, E P , Aub J C and Bauer A.nii Surg 90 730 (Ocl ) 

1929 

8 Experimental Acromegalv editorial JAMA. 93 849 {Sept 14) 1929 

9 Bascourret M and Decourt J Rev Xeurol 36 606 (April) 1920 

10 Kleinberg S J Bone & Toint Surg 11 66 (lanl 3029 
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lent lesults, i e , aiiest of clefoiinit}^ satisfactoiy appeaiance of the back 
and relief from backache, 13 pei cent had good lesults, le, good 
appearance of the back but slight or doubtful increase in the curve , 9 per 
cent were failures , i e , theie was a distinct inciease in the defoimity 

PAIN IN THE BACK, SCIATIC PAIN AND SPONDYLITIS 

Liimbosaa al Defoi mtftes — A study of 3,000 ladiogiams formed the 
basis for this essay foi which Brailsfoid^^ received the Robert Jones 
medal and the British Oithopaedic Association’s prize for 1927 The 
deformities in this area of the spine are giouped by Brailsfoid undei the 
following headings (1) congenital abnormalities, (2) injury, (3) 
inflammation, (4) neoplasms and (5) disease of bone of uncertain oiigin 

Congenital abnormalities were piesent in 26 pei cent, often giving 
rise to no symptoms or signs, and detectable only by roentgen examina- 
tion The most frequent deformity associated with developmental ineg- 
ulaiity was scoliosis due to asymmetrical sacralization of the fifth lumbai 
vertebra Sacralization of the fifth lumbar vertebra was found in 8 1 
per cent (3 4 per cent unilateial, 4 7 per cent bilateral) of the cases 
Ossification of the iliolumbar ligaments might occur and was usually 
associated with pain Arthritic changes and osteophytic outgrowths 
encroaching on the neive foramina were often present in irregulai and 
asymmetrical joints The articular facets of the fifth lumbar were 
directed in many ways — 57 per cent backwaid, 12 pei cent inwaid, and 
in 31 per cent mixed, facing in dififerent directions on the two sides 

Five examples of spondylolisthesis were found in the senes Brails- 
ford expressed the belief that this condition is frequently erroneously 
diagnosed, and he expressed doubt conceining the possibility of manipu- 
lative reduction Both anteroposterior and lateial views are needed for 
one to be certain of the diagnosis, either by itself may mislead None 
of the five patients complained of pain in the back, and in four there was 
no pain The gait of two was normal, of two it was waddling, and the 
fifth had a marked limp With regard to injuiy, seveie trauma can 
occur in the lumbosacral region without producing a spondylolisthesis 
Lipping of the margins of the vertebial bodies and calcification of the 
connecting ligaments were occasionally seen as a sequel of an injury 
which had apparently not caused any bony damage Fracture of a trans- 
verse process might easil) be erroneously diagnosed from the roentgeno- 
gram In osteo-arthritis lipping of the border of the bodies was 
common but Brailsford contrary to Putti, concluded tliat the articular 
surfaces were usuall) smooth and presented no irregularities Spondylo- 
listhesis was not a common sequel of tuberculosis of the lumbosacral 

11 Brailsford J F Rnt J Surg 16 562 (’April) 1929 
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icuidii on the toiurin the hinilnr lordo^ie uas u^uaiK lost the -'erum 
flat and tlu hinihoMCt.d ani^le ohhlcr.ated Iwei examples os gummas 
')t the \irtehrae wese noted Braiistord relied lor the diagnosis on the 
laige' ainonnt oi sM^iiitomlcs'; destruction witli sciero«is and on the o\er- 
gronili oi the lioiu around 

(IZn ^o^! — In tlie interpretation ol roentgenograms ot the lumbo- 
^aeral legion this pajier is aaluablc as a reference \n extensne bibh- 
ograplu IS gi\cn ] 

Ilibbs and Swilt reported their results in 150 cases ot lumbosacral 
lusion m the majorite of eehich one ol the lollouing conditions nas 
present (I) an unusualle acute lumbosacral junction, (2) spondelolis- 
thesis (3) sacrah/ation ot one or both transeerse processes and (4) 
incomplete insion betueen the first and the second sacral eertebrae 
The\ stated that 73 3 jxir cent ot their patients e\ ere entireh reliea ed , 
14 per cent eecre improeed and 12 7 per cent were ummproaed 

IMueller ’■ demonstrated seaeral cases of sponda lohsthesis which, 
according to the patients, ha\e been caused ba traumatism He said 
that he regards this as incorrect, claiming that the condition is congenital 
in nature or exists from earl) }outh From a studa of x-raa pictures, 
the inclination of the sacrum aaeraged 67 5 degrees m persons standing 
This hoaaeaer had nothing to do aaith the deaelopment of spend) lolis- 
tliesis Children aaith bilateral congenital dislocation of the hips otten 
had a certain degree ot spend) iohsthesis 

A) ers expressed the belief that the cause of pam in the loaa er part 
of tlie back aanth sciatica is a disturbance at the lumbosacral junction 
and not in the sacro-iliac region His anala sis ot the anatomic distribu- 
tion of pain in these cases (buttock, posterolateral thigh and calt and 
outer side of ankle) is that it is distributed along the course ot the 
fourth and fifth lumbar and first sacral nenes wluch he stated do not 
come in relation to the sacro-iliac joints He also stressed the obsena- 
tion ot Wilson and Danforth that the fifth lumbar nene root while 
being the largest lumbar branch, has the smallest exit from the i ertebral 
canal ilan) of the x-ra)^ pictures in his cases showed an arthritis of 
the facets at the lumbosacral junction a thinning ot the cartilage or 
rarel), spond)lohsthesis For treatment m this condition he adiised 
immobilization by the Hibbs method of fusion Thirti-six cases m 
which fusion was done are reported 

Aithuhs Gunther and Sampson^* stated the belief tliat precordial 

pam from osteo-artlintis ot the spine is distinguished b) its close relation 

12 Hibbs R \ and Swift W E Surp Ginec Obst 4S 604 (Ma\) 1029 

13 Mueller, W Zentralb! f Chir 57 2^ 1930 

14 A.\ers C E New England J Med 200 592 (^rarch 21) 1029 

15 Gunther L and Sampson J J RadicuIar^Si-ndrome in Hypertrophic 
Ostearthntis ot Spine I M V 93 514 (A.ug I/) l'>29 
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to motion of the spine and that relief is afforded by mechanical appli- 
ances and a nonresistant surface for sleeping- Associated sensory 
changes are often present This type of pain does not respond to vaso- 
dilators 

TUBERCULOSIS 

Potts’ Disease — Sorrel resumed the results of his researches on 
the mechanism, the signs and the prognosis m Potts’ paraplegia If one 
eliminates the paraplegias from osseus compressions which are excep- 
tional, one may consider two varieties of paraplegia, that caused by 
abscess and that caused by pachymeningitis The paraplegias caused by 
abscess occur early, usually toward the end of the first year, and rapidly 
become complete They have a tendency toward spontaneous regression 
in 90 per cent of the cases They are by far the more frequent The 
paraplegias caused by pachymeningitis are late, often occurring in old 
cases of Potts’ disease which are irregularly healed They develop 
slowly, often remaining incomplete, and while they seem less grave, they 
are more severe, having no tendency toward regression Sorrel’s opin- 
ion IS that any surgical treatment, spinal graft or laminectomy can influ- 
ence to an appreciable degree the natural evolution of these paraplegias, 
favorable in the first type and unfavorable in the second 

[Ed Note — This is an excellent summary of the situation and well 
worth quoting to all students ] 

Tuberculosis of the Joints — Girdlestone stated his indications for 
open operation, as part of the treatment, in tuberculosis of the larger 
joints In adults, operation should be the rule as soon as the general 
condition of the patient is on the mend In^'children, operation is indi- 
cated whenever sufficient damage has been done to the joint to make 
movement incompatible with permanent safety from relapse, but the 
operation should not be undertaken until after one year of nonopeiative 
treatment and not before the child has reached the age of 10 The type 
of operation advocated varies with the different joints for sacro-ihac 
disease, Verrall’s extra-articular arthrodesis, for disease of the hip, 
extra-articular arthrodesis, with excision m addition when massive gran- 
ulation tissue IS present, for tuberculosis of the knee, partial excision 
and arthrodesis , for tuberculosis of the shoulder, excision and arthrode- 
sis This author does not favor operations on the elbow, and is doubtful 
about the advisability of operating on the ankle Amputation is indicated 
in man\ patients bejond middle age For secondarily infected joints, 
he ad\ocates the preliminarj removal of sepsis bj wide drainage opera- 
1929 

16 Sorrel E Bull ct mem Soc nat de chir de Pans 55 658 (Maj 18) 

1" Girdlestone, G R Bnt M J 2 529 (Sept 21) 1929 
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tioiis (•irdk'-tom tinp!u'-i7c>v tiiL net lliat operation not a -uo^ntute 
for !)iit nil Kijiinet to noiifiperatne treatment 

j ( ni ilu Ihp — Pitti'-on recorded the immediate results 
in aOO casts ot tuhercniosis ol the hip joint Tiie diagnosis was made 
I)\ clinical ohser\ ition Init care w is taken to exclude all cases in which 
the patients were sntTenng tiom some olnious condition such as coxa 
^ara jiseudocoxalgia or jnngtmc arthritis \lso all cases ot transient 
arthritis m which the condition cleared up within a month were excluded 
His results were as Joliows (]) cured (pertect moiement no shorten- 
ing no sign ot disease) 167 or 55 per cent, (2) arrested (diminution 
of moicmcnt shortening detonniu ) 97 or 32 percent, (3) relapse 28 
or 9 i>cr cent, and (4) dead or d\ing 13 or 4 per cent 

[Ed Note — Pattison is working at a counte hospital and treats his 
patients with recumbenci and traction But we do not belieie an\ one 
will accept the statement that all ot the 55 per cent of patients who were 
cured had suffered from tuberculous disease of the hip J 

Tuberculosis of the Kucc — Pouzet,*® in the sen ice ot Protessor 
No\e-Josserand studied juxta-articular tuberculosis in twentj-fiae old 
cases in children , of these thirteen had femoral and twehe tibial lesions 
He came to the following conclusions 1 Such lesions maj heal bi 
conservatne measures but the treatment is long and the results uncer- 
tain 2 B} excising these lesions the duration ot treatment is reduced 
two-thirds, and the remoial of the tocus renders the cure more certain 
It is necessan alw aj s to immobilize after the operation until the cure 
IS complete 3 The indications tor the operation depend on the age 
(before 5 or 6 }ears), the possibihu of surrounding the lesion and the 
condition of the joint 4 As to the disturbance in growth, tlie author 
stated that this is due to the destruction of the epiphiseal cartilage and 
does not depend on the method of treatment 

Lance discussed the use of a bone graft of the knee after the man- 
ner of Lexer It consists ot a transfixion b\ an autogenous graft with- 
out actuall} opening the joint The principal indication according to 
the author, is the incomplete and painful ankx losis w Inch follow s a tuber- 
culosis of the knee in childhood It is less mutilating than a resection 
at the same time acting as an arthrodesis It should be used m cases in 
which there is shortening It there is shortening, the fixation should 
be in extension, if there is no shortening it should be ankilosed in some 
flexion In actne cases the danger of establishing a sinus is oierbal- 
anced bi the adi antages ot the operation In the author s cases how - 

18 Pattison, C L Brit At J 2 532 (Sept 21) 1929 

19 Pouzet, F Rei d orthop 16 297 (Juh) 1929 

20 Lance M Bull et mem Soc nat. de chir de Pan- 53 625 (Ma> II) 

1929 
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ever, the patients did not do so well when there was activity He 
therefore regards the pioceduie as more suitable foi old inactive but 
painful cases 

[Ed Note — Pouzet’s procedure may be sound for small foci, 
but we doubt the possibility of successfully excising tuberculous foci 
when we must depend on the x-ray picture to determine the extent of 
such foci In our experience, the disease may have spread so far beyond 
the apparent focus that definite limits can not be found With the 
method described by Lance, we have no experience Erasion or fusion 
operations seem to offer a more certain means of obtaining satisfactory 
fixation ] 

POLIOMYELITIS 

Aycock,-’^ in a study of the seasonal and climatic fluctuations in the 
incidence of infection fiom poliom)^elitis, reached the conclusion that 
these fluctuations are due to changes in the resistance of the subject 
He does not consider the dose or the viiulence of the viius as important 
factors As evidence for postulating such geographic and seasonal vari- 
ations in the subject’s resistance or “autarcesis,” as he terms it, the author 
cited seasonal variations in giowth and changes in weight of various 
organs with different seasons and climates Such changes, in his opin- 
ion, produce a physiologic imbalance, making the subject less resistant 
to the virus 

A} cock and others-^ repoited the lesults of treatment with conva- 
lescent serum in 1 16 cases of preparalytic poliomyelitis in Massachusetts 
during 1928 The results were more carefully controlled than in the 
patients treated at Haverhill, Mass, in 1927 A striking deciease is 
shown in the mortality and amount of paralysis in the treated patients 
as contrasted with the untreated ones This cannot be measured readily 
in percentages 

McEachern and his co-workers reported their results in adminis- 
tering poliomyelitis convalescent serum duiing the Manitoba epidemic 
in 1928, seventy-four of 161 patients received this serum Fifty-four 
receued no serum and thirty-three received it after the onset of paralysis 
Of fifti-seien patients receiving an average of 25 cc of the serum intra- 
muscularh in the preparalytic state, 93 per cent recovered, and there 
were no deaths Of the fifty-four patients receiving no serum, 26 per 
cent recoiered, 11 per cent died and the remainder were paralyzed They 

21 A\cock, \\ L J Pre\ Med 3 245 (Ma\) 1929 

22 A.\cock, \V L , et al Preparahtic Pohomjelitis, J Infect Dis 45 175 
fScpt) 1929 

23 McEachern T M et al C mad M A J 20 368 f April) 1929 
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Klimiis injected intneeielir ill\ into a inonkce the eiriis ot poho- 
nijeliiis winch hid been pre^ereed in uKccroI eight \ears Eight dais 
itei there were marked '-imptomN oi evtemue miohement ot the cen- 
tral neriniis s\steni 1 he animal was killed the tollowing da\, and 
marked degeneration of the anterior horn cells was demonstrated The 
Mrin irom the lir'^t mnnkei was pa«sed through four other monkeis m 
succession and in all the disease dc\ eloped without the iirus losing am 
® Its potcnci I he longe\it\ ot the iirus suggests to Rhoads the 
miprohahiliti ot the* streptococci as the inciting organism in the disease 
Stewart and Rhoads-'" inoculated eight monkeis intradermalh with 
repeated small doses of In mg actne polionnehtis iirus A second 
group ot eight monkei s were gnen repeated small inoculations ot the 
same nrus subcutaneoush The period ot immunization lasted trom 
three to fiee months During this period no signs suggesting poliom% elitis 
"ere found The monkers were bled and the neutralizing power ot the 
serum on poIIom^ elitis Mrus was noted Subsequenth the monkers 
were gnen intracerebral injections ot pollom^ ehtis Mrus The serums 
of all the monkejs, with the exception ot one in which subcutaneous 
injection had been attempted, complete!} neutralized the Mrus The 
degree ot immunit} was onh relati\e, since one case immunized mtra- 
dermalh and four of the cases immunized subcutaneoush exhibited 
definite pohom}elitis The authors stated the behet that a greater 
degree of immumti is conterred b\ intraderraal than b\ subcutaneous 

injections 


PVOGEXIC IXrLCTIOXS 

Phemister m discussing chronic fibrous osteom\ elitis described the 
roentgenologic and microscopic appearance ot such lesions in the earh 

24 Dnele\, R L J Bone &. Tomt Surg 11 100 rTant 1929 

23 Rhoads, CP J Exper :Med 49 701 ( -Vpnn 1929 

26 Stewart, F and Rlioads CP J Evper ^led 49 95^ (rune It 

27 Phemister D B \nn Surg^ 90 756 (Oct t 192*1 
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intermediate and late stages He pointed out that during the first few 
months while the disease is progressive, the cavity is filled with soft, 
grayish or brown tissue and that microscopically it consists of fibro- 
blasts, capillaries, polyblasts, giant cells and blood pigment There is 
u‘5ually some necrosis about the cavity, and cholesterol slits are some- 
times seen The response about the fusion is variable, for a little or 
a great deal of new bone may be laid down After a penod of months 
or }fears the disease may come to a standstill, and the cavity may be 
partially or wholly filled with connective tissue or bone trabeculae bearing 
much resemblance to a benign giant cell tumor or an osteitis cystica 

These cases are usually not seen until they have been in progress for 
several months, because they are relatively symptomless The organism 
is usually of low virulence Eleven cases have been studied by Phemis- 
ter, and he reported six of these 

ARTHRITIS 

Current comment in the Journal of the Amo icon Medical Associa- 
tion says that Poston after the lapse of fifteen years dunng which 
he used the same technic as Rosenow, has isolated organisms from the 
glands lemoved from patients with infectious arthritis She obtained 
growths from 72 of 120 glands, and 93 per cent of the organisms isolated 
were Sti eptococcus viiidans The similarity between the results of the 
pioneer work and those of the recent work will be of interest to the many 
physicians who at present are devoting their attention to the problems of 
arthritis 

An editorial in the Journal of the Amo icon Medical Association 
says that Cecil and his co-workers strongly favor the view that chronic 
infectious arthritis is a streptococcal infection, caused, in a large pro- 
portion of cases, by a biologically specific strain of this organism The 
demonstrated presence of this specific strain of streptococcus in the 
blood of several patients with advanced arthritis deformans goes far to 
corroborate the view already widely held that arthritis deformans and 
chronic infectious arthritis are one and the same disease Whether the 
demonstrated micro-organisms act further, as some physicians believe, 
to exert an indirect physiologic influence through action on the endo- 
crine systems remains far more problematic 

The results maj indicate that etiologically there are at least two 
t^pes of chronic arthritis that which is a true specific infection char- 

28 Cultures ot L\mpb Xodes in Arthritis, current comment, J A M A 93 
13n (Oct 26) 1929 

29 Poston M A Ghnd Cultures in Infectious \rthritis JAM A 93 
692 (Aug 31) 1929 

30 Chronic Infectious Arthritis editori il, J \ M \ 93 284 (Jul> 27) 1929 
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NFOn, \SMS 

Luc\ described the pathologic obsenations in seien cases of 
eniaiigioina ot bone Usually there is a hard swelling of bone oaer the 
of (he hemangioma Microscopicalh , a aascular Pssue is found, 
^-ualh soft olten ot jell\-like consistent It consists of large cai- 
^rnous spaces containing blood cells and lined b} a single lajer usually 
of flat endothelium There IS a loose connechie tissue stroma The 
surrounding bon^ trabeculae show degeneratne and formatne changes 
ic a are probabl} secondary' reactii e phenomena There is no micro- 
scopic evidence of a malignant condition These growths ma\ be called 
neoplasms or \ascular malformations The author can suggest no etiol- 
ogy from this study 


CIRCLLVTORY A^'D NER\E DIST(jKBA.XCES 

Barron and Lmenthal concluded from their obsen ations on thirtj - 

Ur cases of thrombo-angiitis obliterans, tw'cnti -seven of which had 
corne under their personal obsen^ation, that the disease is apt to be more 
generalized than commonlv supposed, and that it ma\ affect the vessels 
o the brai n, heart and abdomen as well as those of the extremities 

Cecil, R L , XichoIIs, E E, and Stainsb 3 , W J Bactenologx of Blood 
u Joints in Chronic Infectious A.rthntis, Arch Int Med 43 571 (Ma% ) 1929 

32 Buc>, PC Am J Path 5 3S1 (Juh) 1929 

33 Barron, M E, and Lmenthal, H Thrombo- Angntis Obliterans \rcb 
19 735 (Oct) 1929 
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Many of their patients, although they weie all well undei 50 yeais of 
age, suffered from hemiplegia, coronary disease or seveie abdominal pain 
from arterial occlusion before or after the disease had manifest itself 
111 the extremities They believed that the disease is slow in onset, that 
the occlusion is primarily an inflammatory affaii and that as it is devel- 
oping theie IS opportunity for development of collateral circulation 

Kornblum discussed the roentgen observations in the bones of the 
extremities in patients suffering from Raynaud’s disease The first 
changes are those of atrophy of bone m the affected phalanges with a 
gradual disappearance of the distal end of the phalanx If the disease 
progresses, the entiie phalanx may disappear With recovery from the 
disease, there is disappearance of atrophy of the bone, and the phalanges 
again become visible in the roentgenograms These changes have been 
observed in other conditions and are in no way pathognomonic of Ray- 
naud’s disease, but the author believes that they aie evidence of tissue 
starvation from inadequate blood supply 

Two cases of loose intervertebral cartilage were repoited by Dandy 
Both occuried in the lumbar region and followed rather mild tiaiima 
Both cases presented marked symptoms of cord compression with exten- 
sive paralyses and loss of sphincter control In both the roentgenogram 
was negative In both the fragment of the cartilage was found lying 
loosely between the third and the fourth vertebral bodies and was push- 
ing directly back against the dura In each case the fiagment was easily 
lemoved, and in each case recovery was progressive, although somewhat 
slow in the second case because of the relatively long duiation of 
symptoms 

[Ed Note — The rupture of intervertebral disks has been described 
before, but we feel that it is altogether probable that such a condition 
maj exist inoie often than we are able to discover ] 

SPIXAL ILSrON OPERATIOXS IN THE TREATMENT TOR PAIN IN THE 
LOWER PART OP THE BACK AND TOR SCIATIC PAIN 

A study was made by Chandler^® of twent>-nine patients with pain 
in the low'er part of the back and with sciatic pain on whom vai lous tj pes 
of spinal fusion operation had been performed In eleven of the patients 
tlie fusion was of the lumbosacral region of the spine, and in one addi- 
tional case the right sacro-iliac joint was fused at the same time In the 
lem.uning sc\entccn patients, the author’s operation of trisacral fusion 

44 Kornblum, K \m J Roentgenol 21 448, 1929 

35 Dinth, E Loose Cirtilagc from Inter\ertel)ral Disk Simulating 
Tumor oi Spinal Cord \rcli Surg 19 600 (Oct) 1929 

30 Clnndltr, E \ Spinal Fusion Operations in Treatment of I ou Back 
and ‘'ci itic Pam J \ M \ 93 1447 (No\ 9) 1929 
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<)! the Jimihn.ncral and both sacro-iiiac joints had been done In nine 
cases the iCMilf; were entireh satistacton to the patients bat could not 
be nted as more than good because of some discomfort on certain 
motions ni the spine Two patients showing generalized arthntic 
changes obtained fair relict Two patients showed no improeement m 
SMiiptoms alter himbosacra! fusion and their cases were considered 
imlurcs ITtteen patients reported complete rebel from symptoms, and 
the results weie considered excellent trom the standpoint ot both the 
patient and the surgeon In regard to sjmptoms belore operation the 
author stated that in general the objectne mam testations of tlie pain in 
the lower part ot the back w'ere such as to indicate disease of the lanous 
elements ot the spine and pehis but lacked the clearcut differential 
teatures so trequenth tound in acute lesions of this region Roent- 
genologic considerations were of the highest importance when interpreted 
in conjunction with the historj and plnsical examination in determining 
the operation 

Phelps and Lindsaj reported that tliej had emplo}ed with success 
a slight modification ot Verral’s method of extra-articular tusion of both 
sacro-ihac joints m three patients All obtained relief from tlieir sjanp- 
toms and were back at wwk wnthin a jear of their operation The 
operation consisted in passing a bone gratt w'hich was' removed from 
the tibia trans\erseh through drill holes which were made in either 
posterior superior spine and through the spinous processes ot the sacrum 

[Ed Kotc — Chandler’s report is of considerable interest and shows 
the teasibiliU of rehe\ ing man}' patients w ith obstinate pain in the back 
b}' tusion operations At the same time it is to be noted that results 
which could be rated as really excellent w'ere obtained m onh fifteen 
of tw'entj-nme cases, although improiement was noted in others This 
would seem to argue for the need of caretul stud>, accurate diagnosis 
and extreme conser^atlsm before resorting to operation J 

Opeiahvc Collection of Coxa Vara — Hejdemann^® described the 
operafaie procedures that W'ere emplojed for the treatment of cox-a lara 
in Gocht’s clinic in Berlin In patients with mild deformities simple 
subtrochanteric osteotomj was considered sufficient In cases of sei ere 
deformit}, a cuneiform osteotomy w'as pertormed between the trochan- 
ters The upper limb of the wedge w-as made in the direction of the 
axis of the neck of the femur The size ot the w edge to be remoi ed 
was determined beforehand bj careful measurement on the roentgeno- 
gram The lower limb ot the osteotom) was theretore made m accord- 
ance with these measurements The inner cortical siirncc ot tlie bone 

37 Plielps 'ind Llncisa^, M K Surp Ginec Oh t 49 55=: (Qc- ) 

1929 

35 Heidcrmnn H Kim chn<=clir 7 ZZ'O (So^ ISt 102? 
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was not cut but left to be fractuied when the osteotomized surfaces were 
approximated Position was maintained by the application of plaster of 
pans spica casings The advantages of the method weie that the cor- 
lection was made close to the seat of deformity, that it did not involve 
the joint, that damage to muscles was avoided and that the wide bony 
surfaces could be readily approximated The lesults had been excellent 
m the patients treated , the gait had been impioved, and Tiendelenburg’s 
phenomenon had disappeared 

OsteoplasHc Surgical Exposme of the Ankle Joint — Koenig and 
Schaefer described a method of surgical approach to the ankle joint 
which had proved useful in their hands A convex incision with its 
base downward was made over the internal malleolus With an osteo- 
tome the malleolus was divided at its base, tbe deltoid ligament being 
preserved intact It was then possible to dislocate the astragalus out- 
ward with the malleolus and expose the joint sui faces In closing the 
incision, the malleolus was replaced and fixed with a nail The method 
was suitable for fiacture dislocations of the astragalus and other trau- 
matic conditions and also for arthrodesis 

[Ed Note — This method of approach seems neat and under cer- 
tain conditions ought to be useful ] 

Ai thi odesis of the Ankle Joint — Campbell desciibed the opeiative 
piocedure he employed to secure osseous fusion of the ankle joint and 
1 eported the results obtained m three patients with tuberculosis and one 
with arthritis Instead of denuding the cartilage from the articular sur- 
faces of the ankle joint, he preferred to fuse the joint by making anterior 
and posterior incisions through which osteoperiosteal grafts were slid 
downward from the tibia into the denuded neck of the astragalus and 
upward from the os calcis into the denuded posterior borders of the 
astragalus and tibia A plaster casing was worn for three months, fol- 
lowed later b) a brace which was worn until the fusion was solid 

FRACTURES 

Genera! — Ashhursf^ in discussing the question of whether accuiate 
reduction of fracture is necessary, stated that generally speaking much 
less accurate reduction is necessary in children than in adults Frac- 
tures into or near joints should always be replaced as accurately as 
possilile He said, further, that too much damage was frequently done 
to soft parts m attempting to secure accurate reduction of fractures of 
tbe shafts of bones that in such fractures, if bony union uas obtained 

30 Koonipr. r , and Schaefer, P Ztschr f Chir 215 196, 1929 

40 Campbell, ^\ C \m J Surg G 588 (Ma\ ) 1929 

41 \s!, hurst A P C Ann Surg 90 556 (Oct ) 1929 
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^n<i Uk aM'' oi iliL 11 i^niLnl ]iiL'"er\ccl <iiul ii there was shortening ot 
not more linn 1 cm tiie result was usmlK «atistactor\ 

‘Stating ins Mtus on the operate e treatment ot fractures ot the long 
hones Sctuldtr‘= enumeratefl the t\pcs ol fractures which should tre- 
quenth or nlwa\s Ik treited in open reduction and described under 
wlnt conditions sucli i procedure <;hould be undertaken He stated fur- 
liicr tint tlie ultimate aim in the treatment ot ain tracture should be a 
good functional result, tint at times tiic anatomic result might be fair 
or poor let tiic t unction ot tlie joints good Xeiertheiess unless condi- 
tions contraindicate it a perfect anatomic result should be struen for 
irrcspcctnc ot whether it could be gamed bi closed or open methods 

Darrach listed the dangers from the operatne treatment for frac- 
tures as follows (1) intection, (2) hemorrhage immediate or remote, 
(3) lascular interference resulting in delaied healing or nonumon, (4) 
faulti material — poor piaster ot pans bandages defectiie plates or 
screw s or w eak suture material , ( 5 ) delai ed decision i e operate e 
treatment as a last resort and (6) taulfi judgment 

Fracttiic of the lutcnial Epicondylc of the Humerus znth Displace- 
ment into the Elboze Joint — Cotton “ reported three instances of aiail- 
sion of the epiphisis ot the internal epicondile complicating dislocations 
of the elbow in w Inch disturbance ot the motor and sensor} function of 
the ulnar nene followed attempts at reduction In each of the cases 
the fragment of bone was found I}ing in the elbow joint and tight 
bands of fascia from tlie displaced epiphisis were tound pulling on the 
ulnar nerve The treatment consisted in remoial of the displaced frag- 
ment and release from tension on the ulnar nerv e PracUcalh complete 
restoration of nene function resulted in all cases The author stated 
that he had seen twehe instances of this injun 

Brentnall reported the operative results m two patients who had 
sustained fractures of the internal epicondvle of the humerus with dis- 
placement ot the fragment into the elbow^ joint where it blocked moie- 
ment Both cases were unusual because there was no associated lesion 
of the ulnar nene and the elbow had not been dislocated This was 
contrar} to the view^s of Cotton and of Fairbank both of whom believed 
that the displacement of the epicondvle was due to the manipulation of 
a dislocated elbow m the attempt to secure reduction Brentnall sug- 
gested that the injurv was caused bv an abduction strain and was m 
realitv a rupture of the internal lateral ligament ot the elbow 

42 Scudder C L Ann Surg 90 589 (Oct) 1929 

43 Darrach W Ann Surg 90 595 (Oct ) 1929 

44 Cotton, F J J Bone & Joint Surg 11 348 ( Vpnll 1^2^ 

45 Brentnall E S Bnt M T 1 1113 (June 22) 1929 
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Lawns of the Ulnai Ncive m Injiaia of the JVust — In a gioup 
of 500 cases of injuries of the wnsts, R Watson Jones'*® found only 
three instances of palsy of the ulnar nerve In one the injuiy was an out- 
ward dislocation of the wiist with a maiginal fiacture of the ladius, and 
the palsy was due to traction on the nerve The other two weie due to 
contusion of the nerve, in the first the injui}'- was a displacement of the 
radial epiph 3 'sis backward and outward with a radio-ulnai dislocation, 
and the nerve was impaled on the lower end of the diaphysis of the 
radius, which had gone forward and inwaid In the second, the injuiy 
was an unreduced sevei e Colles’ fracture, five weeks old , the nerve was 
impaled on the lower end of the uppei fragment of the ladius The 
patients in all three cases recovered aftei reduction of the dislocations 

Position m the Tieatment foi Fiactnie of the Carpal Scaphoid — ■ 
Berlin made an anatomic study of the scaphoid bone, dissecting sixty 
wrists in 01 der to detennine what was the best position in which to treat 
fractures of the scaphoid He found that the major poition of the 
ligamentous structure springing from the doisal carpal ligament gained 
insertion on the proximal two thirds of the dorsal surface of the scaphoid 
bone Since the dorsal carpal ligament was placed undei tension with 
the hand in flexion the scaphoid ligamentous slip spiinging from it was 
likewise rendeied taut and pulled the proximal fragment away fiom the 
distal one 

The appioximation of the broken fragments was distinctly favored 
by the tendons of the flexor carpi radiahs and the flexor polhcis longus 
They acted together as a sling to the scaphoid bone on its volar surface 
when the hand was jilaced in extension 

The small lateral interosseous ligament m the pioximal low of caipal 
bones was placed under tension when the hand was flexed to either side 
and in a minor degree displaced the fiagment by tending to produce 
lateral angulation 

The radial collateral ligament stretching from the radial styloid to 
the tubercle of the scaphoid, b\' the nature of its attachment favored 
better almement of fragments when the hand was extended to the 
radial side 

The position of choice m the treatment for carpal scaphoid fractures 
wa"; about 45 degrees extension of the wrist with radial deviation avoid- 
ing extreme or forced extension 

[En Xoxr — Berlin’s obser\ations confirm what had already been 
established b\ clinical results that a position of moderate dorsiflexion 
of the \\ri‘'t gn cs the best approximation of fragments in scaphoid 
iracture« ] 

46 Jont' R W xt'-ou Prnc Ro% Soc Med 22 1071 tjune) 1929 

47 Berlin D \ev rnelniKl J Med 201 574 tSept 19) 1929 
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rioctiiii Di^loicitioiis of ilti Cn'i'ual Spate — Three instances of 
fiacturc nt the atlas weie reported b\ McWhorter^' all occurrine in 
adult males In t^\o of the patients the injnn nas produced b\ a tall 
on the iiead, in the third case the patient was struck b\ an automobile 
In onh one patient was the atlas alone iinohed In this case the 
ummitccl pastel lor aich was removed three months after injur} to reliere 
a se\cre occipital neuralgia Complete reco\er% tollowed the operation 
The aiithoi leMewed the literature 

Ta\lor^'’ discussed tracture dislocations ot the cenical rertebrae, 
particularh those produced b\ indirect nolence and dealt wath the 
methods ot production and the \anous tapes ot injiira that might be 
sustained ba the cord the spinal neraes and the ceraical spine and its 
supporting structures He adaised manual traction under a general 
anesthetic as a means of reducing the fracture dislocation folloaaed ba 
the application ot a plaster jacket aaith a head piece to be aaorn for 
seaeral aaeeks — tollowed later ba pin siotherapa Illustratiae cases aaere 
appended 

P'cttcbtal Ft actio cs H’lthout Spitial Dcfotmity and JJ’ifhoitf Lesions 
of the Spinal Cotd — Huet made a comprehensia e studa of aertebral 
fractures aaithout associated lesions ot the spinal cord He pointed out 
their great frequency and the difficulta of recognizing them trom clinical 
signs alone The traumatism aaas otten slight A tall or bloaa on the 
head or tlie neck usualla caused ceraical injuries aahile fractures of tlie 
loaaer lumbar region resulted most commonia trom falls on the feet or 
on the ischia in the sitting position The dorsal region of the spine aaas 
better protected ba reason of the greater strength of the anterior com- 
mon ligament at this lea el and this explained the relatiaeh lesser fre- 
quenc} of injuries here 

Displacement ot the fragments might be almost nil but in the majorita 
of cases aa^as more or less marked Usualla it was produced immediateh 
at the moment of injura, but it might occur secondania dunng trans- 
portation or late as m the case of the progressiae displacement obseraed 
in patients aaith unrecognized and untreated fractures A long period 
was required for tlie production ot firm bona callus, and hence prolonged 
immobilization m good position aaas necessara to preaent increase in the 
bona deformita 

From the standpoint of industrial and legal medicine it ind to be 
recognized that the period ot temporara disabilita aaas of long duration, 
in the case ot ceraical injuries Stempel and Boekel estimated it at about 
one a-ear Eaen though this might seem long to insurance companit^ it 

48 MctMiorter G L T Bone S. Toint Sure 11 28'5 ( \pn!'l 

49 Ta\lor 4. S Vnii Sure 90 321 (Scptl 1^20 

50 Hiiet ai P T d<. chir 34 15 < rub ) 1^20 
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was to their inteiest not to attempt to shorten it Insufficient treatment 
was likely to be followed by unpleasant sequelae, such as crumpling of 
the vertebral body, development of exostoses, delayed involvement of the 
cord, paralysis, etc The disability that lesulted even in cases of slight 
fracture due to complaint of pain was not less than 10 per cent and more 
often was from 20 to 40 per cent and even higher 

Discussing the relations between these lesions and Kummel- 
Verneuirs disease, the author expressed the opinion that Kummel's 
syndrome did not exist In France, the case described by Robineau in 
which the integrity of the vertebra had been shown by a roentgenogram 
made immediately after the injury, remained unique 

[Ed note — This article is of value m recording French opinion on 
the subject of vertebral fractures ] 

Injmies Complicating Fiactmes of the Pelvis — ^W^akeley recorded 
the complications associated with 100 nonfatal cases of fractures of the 
pelvis Of these, only eleven were complicated by visceral injuries 
SIX, rupture of the urethra , four, extraperitoneal rupture of the bladder 
and one, intraperitoneal rupture of the bladder In no nonfatal case 
was the rectum injured All these complications were associated with 
“run-over” accidents, nonfatal accidents, the lesult of direct trauma 
and of crushing forces were not complicated by visceral injuries There 
was no case of injury to the sacral nerves at the time of the injury, and 
only one at a later date, following a fracture of the sacrum, and due 
possibly to compression from excessive callus formation 

Pei f mating Piactuies of the Acetabulum — Cottalorda made a 
study of perforating fractures of the acetabulum, basing his conclusions 
on a review of the literature and an analysis of one hundred and seven 
reported and unreported cases The injury was encountered most com- 
monly in men between the ages of 20 and 40 years In the majority of 
cases it was caused by a fall on the lateral surface of the greater 
trochanter, the hip being in a position of extension and of extreme 
internal rotation The author reviewed the symptomatology and pointed 
out that rectal examination rarel} gave clear information as to the nature 
of the injurj m spite of the fact that it was generally considered to be 
pathognomonic He recognized three t-spes of deformity fractures 
without penetration, fractures uith partial penetration and fractures 
vith complete penetration 

Regarding the fracture from the industrial point of view he dis- 
tinguished on a clinical basis three hpes of old fracture first, the pseudo- 
coxalgic t\pe, second the dystocic or obstetric type, and third, the 
progressnc t\pe in which the protrusion of the femoral head into the 

\Vikek\ C P G Bnt J Surp 17 22 fjiib) 1929 
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pehis begins and increases progressiveh b} reason of premature use 
It happened ho\\e\er, e^en uith a marked penetration of the femoral 
head that the patient sometimes de\ eloped an adaptation to the condition 
and uas able to take up his former emplo}ment The most common 
complications a\ ere rupture of the bladder and urethra hematoma under 
the psoas muscle and stubborn neuralgias 

The prognosis uas the more senous the greater the degree of pene- 
tration of the head Trvent} -se\ en of eighh-six patients uere reported 
as cured (313 per cent), t\\ent}-tour or 279 per cent died, and in 
thirt} e or 40 6 per cent varjing degrees of ank} losis de\ eloped The 
percentage of disabiht} was estimated at between 30 and 40 per cent, 
and the average penod of time required for consolidation vas six 
months 

Ticatmeiit fm Fiacfuies of the Leg by Delbct's Piaster Splint — 
Crossan adr ocated the use of the Delbet plaster splint for the treat- 
ment for fractures of the middle and lower thirds of the leg and 
reported the results of such treatment In ninetj-mne patients uith 
such fractures admitted to Ashburt’s serace at the Episcopal Hospital 
m Pluladelphia betn een October, 1922 and October, 1927, all but thirt} - 
three were treated by this method Fift}-tvo of these patients vere 
traced and a stud} of the end-result obtained Fort}'-three, or 83 per 
cent, shoved a good anatomic result 13 per cent a fair and 4 per cent 
a poor result The function in fort} -four cases, or 85 per cent, v as good , 
in 11 per cent tair and in 4 per cent poor 

The materials necessary and their application to make the Delbet 
splint were described It was applied while continuous traction orer 
the end of the table v as maintained The patient v as made to v alk in 
ten da} s with crutches, and in six weeks the plaster was remoi ed 

DISLOCATIONS 

Dislocations of Semilunar Bone — Discussing dislocations of the 
carpal semilunar bone, Watson-Jones anahzed the end-results in 
twelve patients vhom he had treated In two this bone vas excised, 
gning a 75 per cent return of function, in the third the semilunar and 
half the scaphoid were excised, vith a 50 per cent return of function 
Six patients vere seen vithm a few da}s of the injuix and the disloca- 
tion was reduced b} closed manipulation, with a 100 per cent return ot 
function 

Watson-Tones described his method ot closed reduction as follows 

The patient « wri'it was lulh dorsiflexed the thumb ot one hand was placed 
anterior]! over the dislocated hone to stead! it and to prerent it rotating tonnrd 

53 Crossan E T Delbet \pparatus and End-Results Arch Sure 19 “12 
(Oct ) 1'520 
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With the other hand the manipulator gripped the patient round the fingers, exerted 
strong traction, and pulled the os magnum away from the radius Whilst exerting 
this traction the hand was slowly palmar flexed, the os magnum uas gradually 
pulled round the back of the semilunar until its head glided into the cup of the 
bone 

This maneuver was unsuccessful when injuries were more than four 
days old, and for those Watson-Jones advocated open reduction , through 
a 3 inch dorsal incision, the head of the os magnum was freed from thC' 
adhesions which had formed between it and the capsule and the remain- 
ing bones , then the same maneuver was employed as in the closed method 
of reduction to secure replacement Watson-Jones was strongly opposed 
to the method of reduction in which the semilunar is pried back into 
position by means of bone levers 

Three patients on whom open reduction by the authoi’s method had 
been done were back at work one as a ship’s rivetei , another as a sailoi 
and the third as a railway engine driver 

Watson-Jones thought that closed reduction should be attempted up 
to the end of a week after the injury, open reduction thereafter and 
excision not unless the injury was of more than three months’ duration 

Utihcation of Long Tendon of Biceps to Pi event Recuiient Disloca- 
tion of the Shoiddet — Nicola described a new operation for recurrent 
dislocation of the shoulder m which he utilized the long tendon of the 
biceps muscle to serve as a check ligament He divided the tendon 1 
inches (3 8 cm ) above the point where it dipped down to pass under 
the pectorahs major muscle, freed the proximal end well up into the 
bicipital groove and passed it through a tunnel drilled in the head of the 
humerus to be resutured at the point where it emerged to the divided 
distal end of the tendon The arm with the elbow flexed to an angle of 
45 degrees was bandaged to the side for three weeks, after which active 
use was permitted 

Reduction of Dislocations of the Hip Undei Neive Block Anesthesia 
— Mueller stated that he had found that manipulative reduction of 
traumatic dislocations of the hip, which was always difficult under general 
anesthesia, r\as greatly facilitated by nerve block anesthesia He had 
cmploied parar ertebral nerve block of the first to the fourth lumbar 
roots and infiltration of the sciatic nerve ITe had used it in four cases 
u ith complete success In one of the patients reduction had been tried 
under general anesthesia b} three different surgeons the daj preiiously 
In another patient the reduction was accomplished almost spontaneously, 
after ane=:thesia had been secured, be turning the patient from the prone 
into the ‘iupine portion 

54 \icola T \rn J Siirg 6 815 (June) 1929 

5=; Mueller W 7entralbl f Chir 57 224 1930 



II ILSO\ LT 41— PROGRESS I\ ORTHOPEDIC SLRGERi 1053 


The author had likewise made use ot ner\e block ot the brachial 
plexus in cases of dislocation ot the humerus Here too he had found 
that reduction was made remarkabh eas} 

[Ed Note — The muscular relaxation obtained b\ nerie block is 
more complete than with general anesthesia and thus the muscular 
resistance which has to be CHercome m securing reduction is diminished 
or eliminated There would seem to be a real adiantage in the method, 
particularh m dislocation ot the hip ] 

RCSE\KCH 

Influence of Inadiafwn on the Rcsistajice to Infection — A\ ith a new 
to determining the influence of irradiation on resistance to infection 
Eidmow carried out experiments on animals He irradiated a group 
ot rabbits w ith his special lamp (emitting infra-red luminous and ultra- 
Molet ra\s up to 2 850 angstrom units) continuoush for fort\ -eight 
hours, and then inoculated them intra\enousl\ with a broth culture ot 
virulent staphi lococci The control animals died within twent\-four 
hours ot the inoculation, while four of the thirt} irradiated animals 
recoiered, and the remaining twent\-six sunned for an average of 
se\en dajs Eidmow was unable to disco\er the mechanism of the 
increased resistance Experiments indicated that the irradiation 
increased the hemobactencidal power but not in proportion to the general 
increased resistance to infection It did not raise the rectal temperature 
The Intia-Ai ticulai Picssiirc and Absorbing Poz^cr of Joints — 
Rostock, ■ using a manometer, measured the intra-articular pressure in 
knee joints following injuries with effusion of blood In some instances 
he found pressures as high as 700 mm of w ater The amount of intra- 
articular pressure was not directh proportionate to the amount of the 
effusion The pressure was greatest immediateh after the mjur} and 
diminished in time As a result of his studies, Rostock was impressed 
with the importance of e^acuatIng fluid as earh as possible with the 
Mew of lessening the damage to the joint Eien when the fluid was not 
entireh remo\ed aspiration lessened the mtra-articular pressure, and 
hence reduced the danger of chromciti Measurements of the pressure 
in joints with septic arthritis showed particular!} high readings 

The same author ' also studied the absorbing jiower of the knee 
loint in more than 100 patients with different disease conditions He 
injected a known qlnntlt^ of sodium iodide solution and then measured 
the amount ot iodine excreted in the urine during a gn cn time He 
found that the rate amount and duration of the absorption \ tried 

=6 ruhiiow \ Rnt M T 2 29t ( \iie If) 1529 
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markedly m dilierent diseases and undei difterent conditions In septic 
arthiitis the absorption was rapid and of large amount, especially during 
the first hour following injection The absorption when infection was 
absent was far less rapid The late ot absorption in traumatic conditions 
with hemarthrosis varied with the duration of the condition , it was most 
rapid when the injury was recent A slow beginning and a long duration 
were noted m chronic hydrops Because of the sluggish rate in chronic 
joint conditions, Rostock consideied it advisable to perfoim arthrotomy 
with the puipose of creating an acute condition and thus speeding’ 
absorption 

[Ed Note — Rostock’s expeiiinents aie of mteiest as tending to shed 
further light on the physiology of joints under diseased conditions 
Further studies under normal and abnormal conditions will be necessary 
before their true significance can be appraised ] 

Expemncntal Aithutis — Key-® studied the reaction of the knee 
joints in rabbits to single and repeated injections of citrated blood and 
to single injections of india ink The cells were studied by fixed smears 
and by vital staining methods, followed at the end of twelve days by 
microscopic study of the joint tissues A single injection of citrated 
blood produced a cellular exudate, which disappeared in about twelve 
days During the fiist tivo days, leukocytes were the predominating 
cells , later, macrophages predominated The only change in the exudate 
with repeated injections rvas an increase m the number and size of the 
macrophages With injections of india ink, the exudate contained many 
leukocjtes and macrophages throughout the tw^elve day period The 
majority of the macrophages weie monocytes Some red blood cells in 
the exudate ivere carried away by clasmatocA tes , others -were entangled 
in fibrin clots -which became organized and co-vered by synovial lining 
cells klost of the india ink was removed by macrophages and leuko- 
cctcs, some was organized in fibrin clots and covered by synovial lining 
cells W ith single injections of india ink or citrated blood there was a 
mild proliferation of the surface cells and infiltration of the subsyno\ial 
tissues wath leukocjtes and macrophages Whth repeated injections of 
blood the s}novial membrane w'as markedly thickened No observa- 
tions were made after the twelfth da} At this time the tissues showed 
X partial return to the normal condition 

C\ pii tintli Foj cign Mato lah to Siiiiiulatc Epiphyseal Gi owih 

of Long Bones — Bohlman reported experiments performed with for- 
eign materials m the region of the epiphcseal cartilage plate to stimulate 
longitudinal growth of bones Pegs of -xarious metals, wood, ivory, 

59 I\c\ J \ J Bone & Joint Siirg 11 705 (Oct ) 1929 
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rivUn^ciKMi'- IiojK in^nl)il)!(. C'-'-Liithil oils and \accints \\crc used as 

lorciL,'!! inutiiaK 1 !u uitlior coiKludcd that there was no inerea^ed 
iirowth in ienutli <>1 iioiK in un oi the animals In main casc", a 
marked slioitenm^' re-nited 

I'll I iwtl Ciiini!' ir \onittiI Bmu — From tlie studies ot the 
dcxelopmeiit ot tile ees^el caiuls Jotte ' ' pointed out that in tetal bone 
the \ess(.Is ”rew m Horn the periosteum The spaces between the 
periosteal trabeciil le constituted the primar} Ineersian s\ stems In earl} 
iniaiiee can ils weie jire^eiit in the cortev and connected the haeersian 
ciiiils and the m irrow enit\ In the epiph\scs canals were present 
which disapjie ired is carti! itte was replaced In bone B; the ele\enth 
eear the adult \esstl pattern was tound Before this age there were 
recoiistriietions ot the \esscls in the bone old ones being obliterated and 
new ones laid down 1 he ha\ersian canals ran longitudmalh Those 
nearer the siirlace eommuincated with canals ot the ground lamellae 
which m turn anastomosed with periosteal ressels The \’olkmann s 
canals were tormecl In canalization of full} dee eloped bone b} new" 
^essels which entered the bone at \arious angles to its long axis 

MtSCELLWEOeS 

Disease ot the 7 ciitpei oitiaiidibulat Joint — One of the chiet obstacles 
to the diagnosis ot and treatment for lesions of the temperomandibular 
joint IS the difficulte ot showing the region clearly m the roentgenograms 
Bishop made a stude of the normal and pathologic anatomy of this 
articulation and ot its e arcing appearance in the roentgenogram He 
described a method of making a roentgen examination ot the joint which 
minimized distortion and ought to lead to more accurate diagnosis 

akele} reported his operative obsercations on two patients with 
displacement ot the mandibular cartilage In both the cartilage pre- 
served only Its anterior attachment the posterior attachment hacing 
been torn Both patients complained of an audible click on mastication 
In one the s}mptoms followed a violent fit of coughing and in the other 
the extraction ot a tooth under anesthesia The click disappeared after 
the remocal of the cartilage 

Fixed Obliquity of the Pckis — ilacer'** stated that fixed obliquitc 
of the pelvis might result from (1) contraction of the hip abductors on 
one side, (2) contraction of the hip abductors on one side combined 
With contraction ot the adductors on the opposite hip, (3) a combina- 

61 Toffe H L Am J Path 5 323 (^^^^) 1929 
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tion of the hist and second plus contractuie of the spinal muscles 
producing fixed defoimit} of the lumbar spine 

In recent cases traction might suffice to coriect the deformity In 
cases of long standing, operatne tieatment was necessary ^ This con- 
sisted of complete division of the tensoi fascia femoiis and abduction 
of the muscles and of the capsule of the hip joint through a lateial 
incision To maintain the hip m adduction, a strip of fascia lata ivas 
freed above the knee and dissected upward to a point midway betiveen 
the hip and knee and then earned subcutaneoush over the anterior 
thigh and sewed to the pubic spine It might be necessaiy to divide the 
adductors of the opposite hip and if the spinal muscles w'^ere contracted, 
traction ought to be applied to the spine 

[Ed Note — F ixed obhquitj- of the pelvis is a tioiiblesome problem 
and in our experience has not been especialh helped by the usual 
methods of scoliotic coirection Mayer’s method sounds radical but we 
shall Avatch his results with mteiest ] 

Aloibus Coxae Semhs — Kienbock explained the development of 
defoiming osteo-arthritis of the hip on the basis of a presenile tiopho- 
static change m the structures composing the joint The primary 
changes were caused by nutritive disturbance, and secondary static 
changes then occurred The initial signs shown by roentgen examination 
w'ere depression of the acetabular roof and elongation of the lateral nm 
With this theie wfould be noticed a certain amount of osteoporosis The 
primary changes did not occur m the head but m the acetabulum The 
condition might remain stationaiy at this state or pi ogress wnth the 
de\elopment of the characteristic deformity He distinguished a primarA 
and secondary type, the lattei being the lesult of earlier lesions of the 
hip such as accidents or Calve-Legg-Perthe’s disease 

lutiapclvic Piotmswn of the Acetabulum — Doub leported eight 
cases of intrapelvic protrusion of the acetabulum It was bilateral in 
fi\c cases and unilateral m three The duration of s\mptoms w^as from 
one to seven yeais, wnth an average of three and one half years Clini- 
cally, the most common obseriation was lestnction or absence of abduc- 
tion of the leg and next was restriction of flexion and hyperextension 
1 he ages Aaried fiom 16 to 53 The roentgenograms show’ed a deepening 
of the acetabulum wnth thinning of the mesial and inferior w'all The 
head ot the femur was, therefore, more deeply buried, and the gi eater 
trochanter was somewhat higher and closer to the ilium As to the 
etiolog\ he suggested that the condition could best lie explained by 
‘-ome general disease m early lite causing sottening of the bones with 
rc'-ulting delormite, and that the osteo-arthritis so often found was a 
later ige in the process 

6' Kicn!)<>tk R Mtd Klin 25 817 24) 1929 23 860 (Mij 31) 1929 
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I St’id\ I ittuu! thi h’tni;nf tin J hoiiw; S />/;/;/ — 1 ijost niknskd 
in llu tiuinl huintr ot 1 Iiom.is ^plmls uuiild do ut!l to (.miMilt 
■Sonnu- Kcuu irtidc whieh w is based on i sindt of the Iniii!,' 
'Ulma and ol tin i idatei lit toiKlndcd tint the shape ol the riiii,' 
Its SI 7 C piddine md other tli ir ictcnstics depended on the purpose lor 
winch the sphnt was to he used I he sinpe and ant,dc should dilfer 
dejundine: on wliether the pitient is reeiiinbcnt oi .nnhnlatoit or whether 
tile hip Is flexed intieh oi little oi is jn a position of extension 

( \sts at till Si iittliauii Cai filiK/c^ — J he literature aceiimnlatinet on 
e\sts of the seiinhintr e irtihtjes ot the Alice was further enriched hv 
( lllereiish iw s ' ^ report ol eighteen additional cases Of these, four w'ere 
in eonneetion with the internal e irtilage j he author reaffirmed his 
hehet tint the c\sts were of eleielopmentaJ origin The pathologic 
histologe was desenhed and dliistratefl In sceeial excellent photo- 
micrographs 

P( 1 I (ilffiis Stafini', — Coehni ' ’ has continued his studies ot the 
development ot detormities of the knee and foot, comparing the condi- 
tions found with certain stages ot the development of the lower extremi- 
ties in tiie human cinhrvo His theories in regard to the development of 
clubtoot have been previousl} described On the basis of additional 
observations he recentlv reported finding similar relationships in respect 
to pes valgus stiiticus meaning tint form of pronated foot whicli is 
generallv first noticed during the years of puberty and which has gen- 
eral!} been explained on the basis of faultv statics He found that the 
embrvonic foot at a certain stage m its development show'ed certain 
similarities to the pronated foot of adolescence, cspeciallv in the relations 
between the axes of the tibioastragalar and subastragalar joints This 
relation vv as different from that seen in the normal and rachitic pronated 
toot This difference was shown bv illustrations of the specimens 
Boehm concluded that the occurrence of pes valgus staticus could be 
explained on the basis ot an arrested development with permanent 
alteration ot the planes of the articular surfaces 

Steindler,'® studving the mechanics ot pes valgus, observ'ed that m 
most cases of nonngid flattoot there was a compensator} supination 
of the forefoot This he explained as due to the necessitv of securing 
plane contact of the entire forefoot with the floor ^^'hen the posterior 
portion ot the foot was in a valgus position a supination oi the forefoot 
had to occur at the midtarsal joint to permit w eight-heamig over the 

67 Young C S Slud\ in rutiiicr Ring of TlionT5> Splint J \ V \ 
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entire forefoot He believed that in oidei to lebalance the foot it was 
necessary to insert not only a pronator) Avedge tindei the inner side of 
the heel, but also a supinatory outer wedge under the little toe 

Tiamnatic Sitbash agalai Ai tin opatJty — O’Connoi described a 
condition affecting the subastragalar joint following trauma, but without 
any demonstrable fiacture, which he called traumatic subastragalar 
arthropathy He had observed the condition in five patients Theie 
was a history of long-continued pain and disability In one patient 
subastragalar arthrodesis was performed Avith relief from sjmptoms 
The symptoms consisted of pain m the heel on weight-bearing and 
inability to walk on rough ground without pain On examination tendei- 
ness was found on pressure along the medial, lateial or both aspects of 
the subastragalar joint and pain in the subastragalar joint on hammer 
percussion over the heel or on attempting to rise on the ball of the foot 
oi on lateral movement of the foot He did not believe that the prog- 
nosis for recovery without pain Avas good under conserA^atu'-e tieatment 
and expressed the opinion that subasti agalai arthrodesis AA^as indicated if 
the pain persisted after three months 

SORGICAL INTERVENTION IN DISEASES OE THE 
TENDONS, BONES AND JOINTS 

Piacut Status of Svnovcctoiny — Analjzing the present status of 
the operation of sjnoAectomy, SiA'^ett"- expiessed the opinion that it has 
a definite place in ceitain cases of chionic infectious arthritis, par- 
ticularly of the knee The operation should be performed only after the 
elimination of foci of infection and the establishment of a good state of 
nutrition In the patients on AA'hom he had peifoimed the operation 
there had been a good immediate response, but in several there had latei 
been a relapse and subsequent inA^oh^ement of othei joints 

[Ed Note — We agree that sjnoA'ectom) of the knee has a place, 
but rather a limited place, in suigical treatment foi chionic arthritis It 
IS particularl) beneficial in the patients aa ith chronic Iia drops Its effects 
art much more local than general ] 
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